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(54) Optical apparatus and method for producing the same 

(57) A light generating apparatus includes: a sub- 
mount; a semiconductor laser chip mounted on the sub- 
mount; a substrate which is mounted on the submount 
and includes an optical waveguide including a second 
harmonic generating device, and a substance having a 
predetermined thickness which is disposed between the 
semiconductor laser chip and the substrate. In an oscil- 
lation wavelength stabilizing apparatus for a light 
source, the light source is a semiconductor laser which 
includes: an active region for providing gain; and a dis- 
tributed Bragg reflection (DBR) region for controlling an 
oscillation wavelength. The apparatus includes a control 
section which monotonously varies, in a first direction, a 
DBR current to be input to the DBR region while detect- 
ing the oscillation wavelength of an output light of the 
semiconductor laser so as to detect a DBR current 
value l 0 corresponding to a predetermined wavelength 
value, and than monotonously varies the DBR current in 
a second direction which is opposite the first direction 
beyond the detected value l 0 , and then monotonously 
varies the DBR current in the first direction again to set 
the DBR current at the detected value b thereby fixing 
the oscillation wavelength of the semiconductor laser 
chip at the predetermined wavelength value. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention generally relates to an optical 
apparatus and a method for producing the same. Spe- 
cifically, the present invention relates to a light generator 
including a semiconductor laser and a waveguide type 
optical function device, and a method for producing the 
same. The present invention also relates to an oscilla- 
tion wavelength stabilizer for a light source such as a 
semiconductor laser having a distributed Bragg-reflec- 
tor (DBR) region, a harmonic output stabilizer for a short 
wavelength light source which includes a semiconduc- 
tor laser having a DBR region and a wavelength con- 
verting device, and further to an optica) disk system 
including the same. 

2. DESCRIPTION OF THE RELATED ART: 

In the optical information processing field, optical 
functional devices for modulating light output from a 
semiconductor laser at high speeds or halving the 
wavelength of laser light have been vigorously devel- 
oped. In particular, waveguide type optical functional 
devices are promising for realizing the modulation of 
laser light at a frequency of several gigahertz or more or 
obtaining 1 mW or more of short-wavelength laser light. 
Hereinbelow, a waveguide type second harmonic gen- 
eration (SHG) device (Mizuuchi et al., IEEE, Journal of 
Quantum Electronics, 30 (1994), pp. 1596) and an opti- 
cal modulation device will be briefly described. 

A typical SHG device 50 will be explained referring 
to Figure 16, which is a perspective view of the SHG 
device 50. 

The SHG device 50 includes a z-cut UTa0 3 crystal 
substrate 31. A waveguide 32 and periodical domain 
inverted regions 33 extending perpendicular to the 
waveguide 32 are formed on the z-cut LiTa0 3 crystal 
substrate 31. TTie SHG device 50 allows harmonics to 
be generated with high efficiency by compensating the 
unmatching of the propagation constant between a fun- 
damental wave and a generated harmonic with the peri- 
odical structure of the domain inverted regions 33. 

Such an SHG device 50 is fabricated in the follow- 
ing manner. 

A Ta electrode pattern is formed on the z-cut LiTa0 3 
crystal substrate 31 (made of nonlinear optical crystal) 
by evaporation and photolithography having a periodic 
spacing of several micrometers. A voltage of 2 kV/mm is 
then applied to the resultant substrate to form the peri- 
odic domain inverted regions 33. Thereafter, a stripe 
made of Ta, extending perpendicular to the periodic 
domain inverted regions 33, is formed on the substrate. 
The resultant substrate is heat-treated with pyrophos- 
phoric acid for about 16 minutes, subjected to proton 
exchange, and annealed at about 420°C for about one 



minute, to form the waveguide 32. 

The proton-exchanged waveguide 32 allows only 
light having a polarized component in the z direction to 
propagate therethrough. In general, the SHG device 

5 using the z<ut LiTa0 3 crystal substrate has a higher 
conversion efficiency into a harmonic, though the SHG 
device can also be fabricated using an x-cut LiTa0 3 
crystal substrate. 

A conventional light generator including such a 

w waveguide type SHG device and a semiconductor laser 
will now be described. 

Referring to Figure 17, light emitted from a semi- 
conductor laser 34 is guided into a waveguide 40 having 
a waveguide type SHG device 39 via two coupling 

75 lenses 35 and 38. More specifically, light emitted from a 
semiconductor laser 34 is collimated by a collimator 
lens 35, passes through a half-wave plate 36 and a 
bandpass filter 37, and is focused on the waveguide 40 
of the waveguide type SHG device 39 by a focusing lens 

20 38. The semiconductor laser 34 oscillates at a TE 
mode, while the waveguide 40 allows only a light com- 
ponent polarized in the z direction to propagate there- 
through. The half-wave plate 36 is used to obtain the 
maximum overlap between the light emitted from the 

25 semiconductor laser 34 and the light propagating 
through the waveguide 40. The laser light emitted from 
the semiconductor laser 34 is converted into harmonic 
light while propagating in the waveguide 40 and output 
from the emergent end face thereof. 

30 This conventional light generator generates about a 
2.8 mW blue light with a wavelength of 430 nm from 1 20 
mW laser light with a wavelength of 860 nm emitted 
from an AIGaAs semiconductor laser as the fundamen- 
tal wave. The module volume of this light generator 

35 using the above two coupling lenses 35 and 38 is about 
3 cc (Kitaoka et al, Laser Study, 23 (1995), pp. 787). 

As optical disk systems and optical communication 
systems have been generally and widely used, 
demands for reducing the size and coat of relevant com- 

40 ponents have increased. In order to reduce the size and 
coat of the light generator including the semiconductor 
laser and the waveguide type optical functional device, 
it is required to simplify the optical coupling adjustment 
(i.e., the alignment adjustment for obtaining the optical 

45 coupling) and omit any coupling lens. In the conven- 
tional module structure, as shown in Figure 17, using 
two coupling lenses 35 and 38 for guiding laser light of 
the semiconductor laser 34 to the waveguide 40, there 
are required four axial adjustments: i.e., adjustments of 

so the focusing tens 38 and the collimator lens 35 both 
along the optical axis (direction y in Figure 17); and 
adjustments of the semiconductor laser 34 in directions 
x and z in Figure 17. Thus, a certain period of time is 
required for realizing the adjustment, and fabrication 

55 cost is increased. Further, the module structure includ- 
ing two coupling lenses has a relatively large volume of 
about 3 cc and occupies a relatively large space. The 
time and cost required for the optical coupling adjust- 
ment and the module volume of about 3 cc of the con- 
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ventional optical functional device are disadvantageous 
in the application of the device to consumer appliances 
such as optical disk systems. 

A direct-coupling module including no coupling lens 
has been proposed to achieve size reduction (Japanese s 
Patent Publication No. 5-29892). This type of module, 
however, still requires alignment adjustments for optical 
coupling along two or three axes, requiring time and 
cost for the optical coupling. 

Another problem of the conventional light generator 
is that presently it is difficult to optically couple the 
waveguide formed on the z-cut crystal substrate by pro- 
ton exchange and the semiconductor laser light oscillat- 
ing at the TE mode on one submount in a simple 
manner. The waveguide formed on the z-cut crystal 
substrate by proton exchange allows only light of a TM 
mode to propagate therethrough. Therefore, a half- 
wave plate is required to mount both the waveguide and 
the semiconductor laser emitting light of a TE mode on 
one submount. 

By the way, optical disk systems using a near infra- 
red semiconductor laser with a wavelength of a 780 nm 
band or a red semiconductor laser with a wavelength of 
670 nm have been vigorously developed. In order to 
enhance the density of an optical disk, it is required to 
reproduce smaller spots. To reproduce smaller spots, a 
higher numerical aperture (NA) of a focusing lens and a 
shorter-wavelength of a light source are required. One 
of the conventional techniques for shortening the wave- 
length is second harmonic generation (SHG), where a 
near infrared semiconductor laser and a domain 
inverted type waveguide device of a quasi-phase 
matching (QPM) method is used (see Yamamoto et al., 
Optics Letters, Vol. 16, No. 15, 1156 (1991)). 

Figure 34 is a schematic structural view of a blue 
light source using a domain inverted type waveguide 
device (the SHG blue laser). 

Referring to Figure 34, the light source includes a 
0.85 jim-band, 100 mW-class AIGaAs DBR semicon- 
ductor laser 123, a collimator lens 124 with an NA of 
0.5, a half-wave plate 125, a focusing lens 126 with an 
NA of 0.5, and a domain inverted type waveguide 
device 127. The DBR semiconductor laser 123 includes 
a DBR region for fixing the oscillation wavelength. The 
DBR region has an internal heater for varying the oscil- 
lation wavelength. The domain inverted type waveguide 
device 127 includes a waveguide 129 and periodic 
domain inverted regions 130 formed on an LiTa0 3 sub- 
strate 128. The polarized direction of laser light colli- 
mated by the collimator lens 124 is rotated by the half- 
wave plate 1 25, and the resultant light is focused on the 
incident end face of the waveguide 129 of the domain 
inverted type waveguide device 127. The focused light 
propagates through the waveguide 129 having the 
domain inverted regions 130, to be output from the 
emergent end face of the waveguide 1 29 as a harmonic 
and a non-converted fundamental wave. 

In the domain inverted type waveguide device 127, 
the phase-matching wavelength allowance where high 



efficiency wavelength conversion is possible is as nar- 
row as 0.1 nm. To overcome this problem, the current 
amount supplied to the DBR region of the DBR semi- 
conductor laser 123 is controlled, to fix the oscillation 
wavelength within the phase-matching wavelength 
allowance of the domain inverted type waveguide 
device 127. As a result, typically, about a 3 mW blue 
light with a wavelength of 425 nm is obtained for 70 mW 
laser light incident on the waveguide 129. 

The DBR semiconductor laser includes an active 
region for obtaining a gain and the DBR region for con- 
trolling the oscillation wavelength. The DBR region is 
made of a material having a band gap larger than that of 
the active region so that the DBR region is transparent 
for the laser light with a wavelength of 850 nm. Since the 
DBR region has a lattice, the oscillation wavelength is 
controlled by the wavelength of the light reflected from 
the DBR region. 

Thus, the oscillation wavelength can be varied by 
varying the refractive index of the DBR region. The 
refractive index of the DBR region can be varied by 
methods such as (1) supplying a current to the DBR 
region, and (2) varying the temperature of the semicon- 
ductor laser using an electronic cooling element (Peltier 
element) and the like. 

However, in the case of varying the oscillation 
wavelength by varying the DBR current, it may difficult 
to precisely fix the oscillation wavelength at a desired 
value. 

On the other hand, in the case of varying the oscil- 
lation wavelength by varying the temperature of the 
semiconductor laser, an electronic cooling element hav- 
ing a heat absorption capacitance of about 1 W is 
required for the control of the temperature of the semi- 
conductor laser, which increases power consumption. 
Moreover, when the ambient temperature under which 
the semiconductor laser is used becomes wider, opera- 
tional reliability may be deteriorated. In addition, output 
intensity of laser light varies as the temperature of the 
semiconductor laser varies for changing the oscillation 
wavelength. If the current supplied to the active region is 
adjusted to compensate the output variation, the phase 
condition changes, causing mode hopping. 

In order to avoid the mode hopping, a semiconduc- 
tor laser having a phase control section has been pro- 
posed. However, it is likely to be difficult to find a control 
method for stably and continuously varying the oscilla- 
tion wavelength irrespective of a variation of the ambi- 
ent temperature. 

In the short-wavelength light source including the 
semiconductor laser having the DBR region and the 
wavelength converting device, it is required to match the 
oscillation wavelength of the semiconductor laser with 
the phase-matching wavelength of the wavelength con- 
verting device. In the short-wavelength light source, the 
output of short-wavelength light varies if the oscillation 
wavelength shifts from the phase-matching wavelength. 
In particular, when a quasi-phase matching (QPM) type 
wavelength converting device having a periodic domain 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 0 774 684 A2 



6 



inverted structure is used as the wavelength converting 
device, it is significantly important to control the oscilla- 
tion wavelength of the semiconductor laser because the 
allowance for the phase-matching wavelength is as nar- 
row as about 0.1 nm. 

Another problem of the short-wavelength light 
source is that LiTa0 3 crystal and LiNb0 3 crystal used 
for the substrate of the QPM type device have optical 
damage characteristics. The optical damage as used 
herein refers to the variation of the refractive index 
caused by irradiation with short-wavelength light. As the 
refractive index varies, the phase-matching wavelength 
of the QPM type device shifts. In order to obtain a stable 
harmonic output, therefore, it is required to always con- 
trol the wavelength of the semiconductor laser to match 
with the phase-matching wavelength. 

SUMMARY OF THE INVENTION 

A light generating apparatus of the present inven- 
tion includes: a submount; a semiconductor laser chip 
mounted on the submount; a substrate which is 
mounted on the submount and includes an optical 
waveguide; and a substance having a predetermined 
thickness which is disposed between the semiconduc- 
tor laser chip and the substrate. 

Preferably, the substrate is a ferroelectric crystal 
substrate. The ferroelectric crystal substrate may 
include LiTaxNbvxOa (0*x*1). A periodic domain 
inverted structure formed on the ferroelectric substrate 
may further be included. 

The optical waveguide may be formed by an ion- 
exchange technique. 

In one embodiment, the substance is a glass ball. 
Alternatively, the substance can be an optical fiber. 

According to another aspect of the invention, a light 
generating apparatus includes: a submount including a 
first surface and a second surface; a semiconductor 
laser chip mounted on the first surface of the submount; 
and a substrate which is mounted on the second sur- 
face of the submount and includes an optical 
waveguide, wherein the first surface and the second 
surface are positionally perpendicular to each other. 

Preferably, the substrate is a ferroelectric crystal 
substrate. The ferroelectric crystal substrate may 
include LiTa x Nbi. x 03 (0^x^1). A periodic domain 
inverted structure formed on the ferroelectric substrate 
may be further included. 

The optical waveguide may be formed by an ion- 
exchange technique. 

According to still another aspect of the invention, a 
light generating apparatus includes: a submount includ- 
ing a first portion and a second portion; a semiconduc- 
tor laser chip mounted onto the first portion of the 
submount; and a substrate which is mounted onto the 
second portion of the submount and includes an optical 
waveguide, wherein material constituting the first por- 
tion is different from material constituting the second 
portion. 



Preferably, the substrate is a ferroelectric crystal 
substrate. The ferroelectric crystal substrate may 
include LiTaxNb<|. x 03 (0£x£1). A periodic domain 
inverted structure formed on the ferroelectric substrate 
5 may be further included. 

The optical waveguide may be formed by an ion- 
exchange technique. 

In one embodiment, a crystal thin plate having bire- 
fringence which is disposed between the first portion 
w and the second portion of the submount is further pro- 
vided. 

Preferably, a thermal conductivity of the first portion 
is larger than that of the second portion. 

In one embodiment, the first portion and the second 

rf portion are made of a ceramic. 

According to still another aspect of the invention, a 
method for fabricating a light generating apparatus 
includes the steps of: forming an alignment marking on 
each of a submount, a semiconductor laser chip and a 

20 substrate, the submount including a first surface and a 
second surface which are positionally perpendicular to 
each other, and the substrate including an optical 
waveguide; aligning the submount and the semiconduc- 
tor laser chip using the alignment markings on the sub- 

25 mount and the semiconductor laser chip to mount the 
semiconductor laser chip on the first surface of the sub- 
mount; and aligning the submount and the substrate 
using the alignment markings on the submount and the 
substrate to mount the substrate on the second surface 

30 of the submount. 

Preferably, the substrate is a ferroelectric crystal 
substrate. The ferroelectric crystal substrate may 
include LiTaxNb^xOa (0*x*1). The method may further 
include the step of providing a periodic domain inverted 

35 structure on the ferroelectric substrate. 

The method may further includes the step of form- 
ing the optical waveguide by an ion-exchange tech- 
nique. 

According to still another aspect of the invention, a 

40 method for fabricating a light generating apparatus 
includes the steps of: forming an alignment marking on 
each of a submount and a semiconductor laser chip, the 
submount including a first surface and a second sur- 
face; irradiating a surface of the submount opposite to 

45 the first surface with light which is allowed to pass 
through the submount, and respectively identifying an 
image of the alignment marking on each of the sub- 
mount and the semiconductor laser chip; aligning the 
submount and the semiconductor laser chip using the 

so alignment markings on the submount and the semicon- 
ductor laser chip to mount the semiconductor laser chip 
on the first surface of the submount; and mounting a 
substrate including an optical waveguide onto the sec- 
ond surface of the submount. 

55 The light may be a laser light emitted from an InP 
type semiconductor laser. 

Preferably, the substrate is a ferroelectric crystal 
substrata. The ferroelectric crystal substrate may 
include LiTaxNb^xOa (0^x*1). The method may further 
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include the step of providing a periodic domain inverted 
structure on the ferroelectric substrate. 

The method may further include the step of forming 
the optical waveguide by an ion-exchange technique. 

According to still another aspect of the invention, a s 
method for fabricating a light generating apparatus 
includes the steps of; allowing at feast a portion of a lay- 
ered structure for laser oscillation in a semiconductor 
laser chip to emit light so as to form a light emitting 
region; identifying the light emitting region of the semi- 
conductor laser chip to obtain a positional information of 
the semiconductor laser chip, and mounting the semi- 
conductor laser chip at a predetermined position on a 
submount based on the positional information; and 
mounting a substrate on the submount, the substrate 
including an optical waveguide. 

In one embodiment, the light emitting region is 
formed by optical excitation. In another embodiment, 
the light emitting region is formed by coupling external 
light to an active layer of the semiconductor laser chip. 
In still another embodiment, the light emitting region is 
formed by pulse-driving the semiconductor laser chip. 

Preferably, the substrate is a ferroelectric crystal 
substrate. The ferroelectric crystal substrate may 
include LiTaxNb^xOa (0*x*1). The method may further 
include the step of providing a periodic domain inverted 
structure on the ferroelectric substrate. 

The method may further include the step of forming 
the optical waveguide by an ion-exchange technique. 

According to still another aspect of the invention, a 
light generating apparatus includes: a submount; a 
semiconductor laser chip mounted on the submount; 
and a substrate which is mounted on the submount and 
includes a plurality of optical waveguides, herein a sur- 
face of the substrate at which the optical waveguides 
are formed and a surface of the submount onto which 
the substrate is mounted are in a non-parallel relation- 
ship. 

In one embodiment, a projection formed on the sur- 
face of the substrate at which the optical waveguides 
are formed is further included, the projection providing 
the non-parallel relationship. 

In another embodiment, a projection formed on the 
surface of the submount on which the substrate is 
mounted is further included, the projection providing the 
non-parallel relationship. 

In still another embodiment, the substrate includes 
a top surface and a bottom surface which are not in par- 
allel with each other, thereby providing the non-parallel 
relationship. 

Preferably, the substrate is a ferroelectric crystal 
substrate. The ferroelectric crystal substrate may 
include LiTaxNbvxOs (0^x^1). A periodic domain 
inverted structure formed on the ferroelectric substrate 
may be further included. 

The optical waveguide may be formed by an ion- 
exchange technique. 

According to still another aspect of the present 
invention, provided is a method for fabricating a light 



generating apparatus includes: a submount; a semicon- 
ductor laser chip; and a substrate including an optical 
waveguide, wherein a surface of the substrate on which 
the optical waveguide is formed and a surface of the 
submount onto which the substrate is mounted are in a 
non-parallel relationship with each other. The method 
includes the steps of: processing at least one of the sub- 
mount and the substrate to obtain the non-parallel rela- 
tionship; mounting the semiconductor laser chip on the 
submount; and moving the substrate on the submount 
in a direction parallel with an optical axis of the mounted 
semiconductor laser chip to adjust an optical coupling 
between the substrate and the semiconductor laser chip 
in a direction of a thickness of the substrate, and mount- 
ing the substrate at a predetermined position on the 
substrate. 

In one embodiment, the method may further 
include the step of forming a projection on the surface of 
the substrate on which the optical waveguides are 
formed, the projection providing the non-parallel rela- 
tionship. 

In another embodiment, the method may further 
include the step of forming a projection on the surface of 
the submount on which the substrate is mounted, the 
projection providing the non-parallel relationship. 

In still another embodiment, the method may fur- 
ther include the step of making a top surface and a bot- 
tom surface of the substrate unparallel with each other, 
thereby providing the non-parallel relationship. 

Preferably, the substrate is a ferroelectric crystal 
substrate. The ferroelectric crystal substrate may 
include LiTaxNb^xOs (0^x^1). The method may further 
include the step of providing a periodic domain inverted 
structure on the ferroelectric substrate. 

The method may further include the step of forming 
the optical waveguide by an ion-exchange technique. 

According to still another aspect of the present 
invention, provided is an oscillation wavelength stabiliz- 
ing apparatus for a light source, wherein the light source 
is a semiconductor laser, includes: an active region for 
providing gain; and a distributed Bragg reflection (DBR) 
region for controlling an oscillation wavelength. The 
apparatus includes a control section which monoto- 
nously varies, in a first direction, a DBR current to be 
input to the DBR region while detecting the oscillation 
wavelength of an output light of the semiconductor laser 
so as to detect a DBR current value l Q corresponding to 
a predetermined oscillation wavelength value, and then 
monotonously varies the DBR current in a second direc- 
tion which is opposite the first direction beyond the 
detected value l^ and then monotonously varies the 
DBR current in the first direction again to set the DBR 
current at the detected value l 0 . thereby fixing the oscil- 
lation wavelength of the semiconductor laser at the pre- 
determined oscillation wavelength value. 

In one embodiment, the control section provides a 
different input rate of the DBR current into the DBR 
region between a range of the DBR current in which the 
oscillation wavelength continuously changes and a 
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range of the DBR current in the vicinity of a current level 
at which mode-hopping occurs. 

In another embodiment, the detected value l Q of the 
DBR current is set so as to satisfy equation 

'o^'i+'zV 2 wnere 'i is a first DBR currerrt v 3 ^ 6 at 
which mode-hopping occurs and l z is an adjacent DBR 
current value at which mode-hopping occurs. 

According to still another aspect of the present 
invention, provided is an oscillation wavelength stabiliz- 
ing apparatus for a light source, wherein the light source 
is a semiconductor laser includes: an active region for 
providing gain; a distributed Bragg reflection (DBR) 
region for controlling an oscillation wavelength; and an 
electronic cooling element. The apparatus includes a 
control section which varies a DBR current to be input to 
the DBR region to set an oscillation wavelength of an 
output light of the semiconductor laser in the vicinity of 
a predetermined oscillation wavelength value, and then 
allows a temperature of the semiconductor laser to vary 
by the electronic cooling element, thereby fixing the 
oscillation wavelength of the semiconductor laser at the 
predetermined oscillation wavelength value. 

Preferably, in an initial setting process, the control 
section may sat the temperature of the semiconductor 
laser in the vicinity of ambient temperature. 

According to still another aspect of the present 
invention, provided is as oscillation wavelength stabiliz- 
ing apparatus for a light source, wherein the light source 
is a semiconductor laser including: an active region for 
providing gain; a distributed Bragg reflection (DBR) 
region for controlling an oscillation wavelength; and an 
electronic cooling clement. The apparatus includes a 
control section which allows a temperature of the semi- 
conductor laser to vary by the electronic cooling ele- 
ment to vary the oscillation wavelength of the 
semiconductor laser, and further causes the DBR cur- 
rent to be input to the DBR region to be varied, thereby 
compensating for a phase change of the semiconductor 
laser. 

In one embodiment, the control section further 
adjusts a current to be input to the active region in 
response to a change in an output of the semiconductor 
laser. 

According to still another aspect of the present 
invention, provided is as oscillation wavelength stabiliz- 
ing apparatus for a light source, wherein the light source 
is a semiconductor laser including: an active region for 
providing gain; a distributed Bragg reflection (DBR) 
region for controlling an oscillation wavelength; a phase 
control region; and a temperature sensor. The appara- 
tus includes:a first control circuit for adjusting a current 
to be input to the active region so as to maintain a uni- 
form output of the semiconductor laser; a second con- 
trol circuit for adjusting a DBR current to be input to the 
DBR region so as to set the oscillation wavelength of the 
semiconductor laser at a predetermined oscillation 
wavelength value; and a third control circuit for adjusting 
a current to be input to the phase control region so as to 
compensate for a phase change detected by the first 
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control circuit, the second control circuit, and the tem- 
perature sensor. 

According to still another aspect of the present 
invention, provided is an oscillation wavelength stabiliz- 

s ing apparatus for a light source, wherein the light source 
is a semiconductor laser including: an active region for 
providing gain; a distributed Bragg reflection (DBR) 
region for controlling an oscillation wavelength; and a 
phase control region. The apparatus includes a control 

10 section which allows a DBR current to be input to the 
DBR region to vary in a initial setting process so as to 
set the oscillation wavelength of the semiconductor 
laser in the vicinity of a predetermined oscillation wave- 
length value, and then varies both a current to be input 

75 to the phase control region and the DBR current, 
thereby fixing the oscillation wavelength of the semicon- 
ductor laser at the predetermined oscillation wavelength 
value. 

According to still another aspect of the present 

20 invention, provided is a harmonic output stabilizing 
apparatus for a light source, wherein the light source is 
a short wavelength light source including: a semicon- 
ductor laser including an active region for providing gain 
and a distributed Bragg reflection (DBR) region for con- 

25 trolling an oscillation wavelength; and a wavelength 
converting device made of non-linear optical crystal. 
The apparatus includes a control section which monot- 
onously varies, in a first direction, a DBR current to be 
input to the DBR region while detecting a harmonic opti- 

30 cal output of the short wavelength light source so as to 
detect a DBR current value l 0 corresponding to a maxi- 
mum value of the harmonic optical output, and then 
monotonously varies the DBR current in a second direc- 
tion which is opposite the first direction beyond the 

35 detected value Iq, and then monotonously varies the 
DBR current in the first direction again to set the DBR 
current at the detected value Iq, thereby fixing the oscil- 
lation wavelength of the semiconductor laser at a 
phase-matching wavelength of the wavelength convert- 

40 ing device. 

According to still another aspect of the present 
invention, provided is a harmonic output stabilizing 
apparatus for a light source, wherein the light source is 
a short wavelength light source including: a semicon- 

45 duct or laser including an active region for providing gain 
and a distributed Bragg reflection (DBR) region for con- 
trolling an oscillation wavelength; a wavelength convert- 
ing device made of non-linear optical crystal; and an 
electronic cooling device, the apparatus comprising a 

so control section which varies a DBR current to be input to 
the DBR region to set an oscillation wavelength of an 
output light of the semiconductor laser in the vicinity of 
a phase-matching wavelength of the wavelength con- 
verting device, and then allows a temperature of the 

55 short wavelength light source to vary by the electronic 
cooling element, thereby fixing the oscillation wave- 
length of the semiconductor laser at the phase-match- 
ing wavelength of the wavelength converting device. 
In one embodiment, in an initial setting process, the 
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control section sets the temperature of the semiconduc- 
tor laser in the vicinity of an ambient temperature. 

According to still another aspect of the present 
invention, provided is a harmonic output stabilizing 
apparatus for a light source, wherein the light source is 
a short wavelength light source including: a semicon- 
ductor laser including an active region for providing gain 
and a distributed Bragg reflection (DBR) region for con- 
trolling an oscillation wavelength; a wavelength convert- 
ing device made of a non-linear optical crystal; and an 
electronic cooling element. The apparatus includes a 
control section which allows a temperature of the short 
wavelength light source to vary by the electronic cooling 
element to vary the oscillation wavelength of the semi- 
conductor laser toward a phase-matching wavelength of 
the wavelength converting device, and further causes a 
DBR current to be input to the DBR region to be varied, 
thereby compensating for a phase change of the semi- 
conductor laser. 

In one embodiment, the control section further 
adjusts a current to be input to the active region in 
response to a change in an output of the semiconductor 
laser. 

According to still another aspect of the present 
invention, provided is a harmonic output stabilizing 
apparatus for a light source, wherein the light source is 
a short wavelength light source including: a semicon- 
ductor laser including an active region for providing 
gain, a distributed Bragg reflection (DBR) region for 
controlling an oscillation wavelength, a phase control 
region and a temperature sensor; and a wavelength 
converting device made of a non-linear optical crystal. 
The apparatus includes: a first control circuit for adjust- 
ing a current to be input to the active region so as to 
maintain a uniform output of the semiconductor laser; a 
second control circuit for adjusting a DBR current to be 
input to the DBR region so as to set the oscillation wave- 
length of the semiconductor laser at a phase-matching 
wavelength of the wavelength converting device; and a 
third control circuit for adjusting a current to be input to 
the phase control region so as to compensate for a 
phase change detected by the first control circuit, the 
second control circuit, and the temperature sensor. 

According to still another aspect of the present 
invention, provided is a harmonic output stabilizing 
apparatus for a light source, wherein the light source is 
a short wavelength light source including: a semicon- 
ductor laser including an active region for providing 
gain, a distributed Bragg reflection (DBR) region for 
controlling an oscillation wavelength and a phase con- 
trol region; and a wavelength converting device made of 
a non-linear optical crystal. The apparatus includes a 
control section which allows a DBR current to be input 
to the DBR region to vary in an initial setting process so 
as to set the oscillation wavelength of the semiconduc- 
tor laser in the vicinity of a phase-matching wavelength 
of the wavelength converting device, and then varies 
both a current to be input to the phase control region 
and the DBR current, thereby fixing the oscillation wave- 



length of the semiconductor laser at the phase-match- 
ing wavelength of the wavelength converting device. 

In one embodiment, the wavelength converting 
device is a quasi-phase-matching type wavelength con- 

5 verting device having a periodic domain inverted struc- 
ture. In another embodiment, the wavelength converting 
device is an optical waveguide type wavelength conven- 
ing device. The wavelength converting device may be a 
bulk type wavelength converting device. 

w The non-linear optical crystal may include 
UTaxNbvxOa (0^1). 

According to still another aspect of the present 
invention, an optical disk system includes a short wave- 
length light source including: a semiconductor laser 

is including an active region for providing gain and a dis- 
tributed Bragg reflection (DBR) region for controlling an 
oscillation wavelength; and a wavelength converting 
device made of a non-linear optical crystal which is inte- 
grated with the semiconductor laser. An output light 

20 from the short wavelength light source scans an optical 
disk to conduct at least one of a recording operation and 
a reproducing operation for a signal. The optical disk 
system further includes a control section for re-control- 
ling the oscillation wavelength of the semiconductor 

25 laser at a phase-matching wavelength of the wave- 
length converting device during a predetermined period 
in a system operation. 

In one embodiment, the predetermined period is a 
standby period of the system. 

30 In another embodiment, the predetermined period 
is at least one of a transition period from the reproduc- 
ing operation to the recording operation and a seek 
period at a transition from the recording operation to the 
reproducing operation. 

35 In still another embodiment, a memory is further 
provided or storing a reproduced signal, wherein during 
the predetermined period, a harmonic output of the 
short wavelength light source is varied and the signal 
stored in the memory is used. 

40 In still another aspect of the present invention, a 
memory is further provided for storing a reproduced sig- 
nal, wherein during the predetermined period, the mem- 
ory is full with the stored signal with a signal-storing rate 
being larger than a signal-readout rate, and the signal 

45 stored in the memory is used. 

In still another embodiment, a system may further 
include an electronic cooling element integrated with 
the short wavelength light source, wherein the control 
section re-adjusts a temperature of the short wave- 

so length light source in the vicinity of an ambient temper- 
ature using the electronic cooling element, and varies a 
DBR current to be input to the DBR region, thereby re- 
adjusting the oscillation wavelength of the semiconduc- 
tor laser at the phase-matching wavelength of the wave- 

55 length converting device. 

In still another aspect of the present invention, the 
semiconductor laser further includes a phase control 
region, and the control section resets a current to be 
input to the phase control section, and varies both the 
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current to be input to the phase control region and a cur- 
rent to be input to the DBR region, thereby re-adjusting 
the oscillation wavelength of the semiconductor laser at 
the phase-matching wavelength of the wavelength con- 
verting device. s 

In one embodiment, the wavelength converting 
device is a quasi-phase-matching type wavelength con- 
verting device having a periodic domain inverted struc- 
ture. In another embodiment, the wavelength converting 
device is an optical waveguide type wavelength convert- 
ing device. In still another embodiment, the wavelength 
converting device is a bulk type wavelength converting 
device. 

The non-linear optical crystal may include 
LiTaxNb^Og (0=§xsM). 

Thus, the invention described herein makes possi- 
ble the advantages of (1) providing a small light genera- 
tor including a semiconductor laser and a waveguide 
type optical functional device where alignment adjust- 
ment for obtaining optical adjustment therebetween can 
be easily performed, (2) providing the method for pro- 
ducing the same, (3) providing an oscillation wavelength 
stabilizer for a semiconductor laser having a DBR 
region capable of performing stable oscillation wave- 
length control, (4) providing a harmonic output stabilizer 
capable of providing stable short-wavelength light out- 
put, and (5) providing an optical disk system including 
such a harmonic output stabilizer. 

TTiese and other advantages of the present inven- 
tion will become apparent to those skilled in the art upon 
reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A and 1B are views schematically show- 
ing a light generator of Example 1 according to the 
present invention. 

Figures 2A and 2B are views schematically show- 
ing a light generator of Example 2 according to the 
present invention. 

Figures 3A to 3C are views schematically showing 
a light generator of Example 3 according to the present 
invention. 

Figures 4A to 4D are views schematically showing 
a light generator of Example 4 according to the present 
invention. 

Figures 5A and 5B are views schematically show- 
ing a light generator of Example 5 according to the 
present invention. 

Figure 6 is a view of another light generator of 
Example 5 according to the present invention. 

Figures 7A to 7D are views schematically showing 
a light generator of Example 6 according to the present 
invention. 

Figures 8A and 8B are views schematically show- 
ing a light generator of Example 7 according to the 
present invention. 

Figure 9 schematically shows a method for fixing a 



semiconductor laser chip on a submount of Example 8 
according to the present invention. 

Figures 10A to 10C illustrate the method of Exam- 
ple 8 in detail. 

Figures 11 A and 11 B illustrate another method of 
Example 8 according to the present invention. 

Figure 12 illustrates still another method for fixing a 
semiconductor laser chip on a submount according to 
the present invention. 

Figure 13 illustrates still another method for fixing a 
semiconductor laser chip on a submount according to 
the present invention. 

Figures 14A to 14E illustrates a method for adjust- 
ing the position of the optical waveguide according to 
the present invention. 

Figure 15 is a perspective view of an optical modu- 
lation device. 

Figure 16 is a perspective view of an SHG device. 

Figure 17 is a view schematically showing a con- 
ventional light generator. 

Figure 18A is a block diagram of an oscillation 
wavelength stabilizer of Example 12 according to the 
present invention for a DBR semiconductor laser. Figure 
18B is a flowchart showing a method for controlling the 
oscillation wavelength stabilizer of Figure 18A. 

Figure 19 is a graph illustrating the relationship 
between the DBR current and the oscillation wavelength 
of the DBR semiconductor laser. 

Figure 20A is a block diagram of an oscillation 
wavelength stabilizer of Example 13 according to the 
present invention for a DBR semiconductor laser. Figure 
20B is a flowchart showing a method for controlling the 
oscillation wavelength stabilizer of Figure 20A. 

Figure 21 is a graph illustrating the relationship 
between the operating temperature and the oscillation 
wavelength of the DBR semiconductor laser. 

Figure 22 is a block diagram of an oscillation wave- 
length stabilizer of Example 14 according to the present 
invention for a DBR semiconductor laser. 

Figure 23 is a graph illustrating the relationship 
between the operating temperature and the mode hop- 
ping DBR current of the DBR semiconductor laser. 

Figure 24 is a block diagram of an oscillation wave- 
length stabilizer of Example 15 according to the present 
invention for a DBR semiconductor laser. 

Figure 25 is a graph illustrating the relationship 
between the operating temperature and the laser output 
of the DBR semiconductor laser. 

Figure 26 is a graph illustrating the relationship 
between the operating current and the oscillation wave- 
length of the DBR semiconductor laser. 

Figure 27A is a block diagram of an oscillation 
wavelength stabilizer of Example 16 according to the 
present invention for a DBR semiconductor laser. Figure 
27B is a flowchart showing a method for controlling the 
oscillation wavelength stabilizer of Figure 27A. 

Figure 28 is a graph illustrating the relationship 
between the phase control current and the oscillation 
wavelength of the DBR semiconductor laser. 
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Figure 29A is a block diagram of a harmonic output 
stabilizer of Example 17 according to the present inven- 
tion for an SHG blue laser. Figure 29B is a flowchart 
showing a method for controlling the harmonic output 
stabilizer of Figure 29A. 5 

Figure 30 is a block diagram of a harmonic output 
stabilizer of Example 18 according to the present inven- 
tion for an SHG blue laser. 

Figure 31 is a block diagram of a harmonic output 
stabilizer of Example 19 according to the present inven- 
tion for an SHG blue laser. 

Figure 32 is a block diagram of a harmonic output 
stabilizer of Example 20 according to the present inven- 
tion for an SHG blue laser. 

Figure 33 is a block diagram of a harmonic output 
stabilizer of Example 21 according to the present inven- 
tion for an SHG blue laser. 

Figure 34 is a view schematically showing an SHG 
blue laser. 

Figure 35 is a graph illustrating the rate of the cur- 
rent supplied to a DBR region according to the present 
invention. 

Figures 36A and 36B show the operation states of 
an optical disk system. 

Figure 37 is a block diagram of an optical disk sys- 
tem according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

With reference to the drawings attached hereto, 
various embodiments of the present invention will be 
described below. In the drawings, like components are 
designated with like reference numerals, and the similar 
description concerning the similar components is omit- 
ted. 

(Example 1) 

Referring to Figures 1A and 1B, a light generator 
1 00 of Example 1 according to the present invention will 
be described. 

In the light generator 100 of this example, a semi- 
conductor laser chip 1 and a substrate (optical func- 
tional device) 3 having a waveguide 4 formed thereon 
are fixed on a submount 6. A plurality of balls 8 are 
inserted between the semiconductor laser chip 1 and 
the substrate 3. An x-cut LiTa0 3 crystal substrate is 
used as the substrate. The waveguide 4 is formed on 
the x-cut UTa0 3 crystal substrate by proton exchange, 
a type of ion exchange, and a periodic domain inverted 
structure 5 is formed perpendicular to the waveguide 4 
by application of an electric field. Thus, the substrate 
with the waveguide and the periodic domain inverted 
structure formed thereon functions as an SHG device 3 
having the wavelength of semiconductor laser light. 

Figures 1 A and 1 B are a side view and a plan view, 
respectively, of the light generator 100. Referring to Fig- 
ures 1A and 1B, the light generator 100 of Example 1 



includes an AIGaAs semiconductor laser chip 1 with a 
wavelength of 850 nm, a waveguide type SHG device 3, 
and a submount 6 made of Si. 

The semiconductor laser chip 1 oscillates at the TE 
mode, so that the polarized direction of the laser light is 
parallel to a surface of the substrate or an active layer 2. 
A waveguide 4 of the waveguide type SHG device 3 
formed by proton exchange has a refractive index distri- 
bution in the z direction of the substrate, allowing light 
polarized in the direction parallel to the substrate to 
propagate therethrough (x, y, and z directions in Fig- 
ures 1 A and 1 B represent crystal axes). As a result, the 
semiconductor laser chip 1 and the waveguide type 
SHG device 3 can be optically coupled in the same 
plane of the Si submount 6. 

The semiconductor laser chip 1 is bonded to the 
portion of the Si submount 6 via Au which is deposited 
by soldering with the side of an active layer 2 of the 
semiconductor laser chip 1 facing the Si submount 6 (in 
a junction-down direction). The height of the active layer 
2 of the semiconductor laser chip 1 is about 5 \im from 
the surface of the Si submount 6. The waveguide type 
SHG device 3 includes the waveguide 4 and domain 
inverted regions 5 formed with a period of about 3.8 urn. 
A protection layer 7 having a thickness of about 5 ujti 
made of Si0 2 is formed on the waveguide 4 so that the 
waveguide 4 is at the same height level as the active 
layer 2 of the semiconductor laser chip 1 when fixed on 
the Si submount 6. 

Balls 8, inserted between the semiconductor laser 
chip 1 and the SHG device 3, are made of Si0 2 glass 
having a diameter of about 4 urn. In this example, glass 
balls which are typically used for defining the space for 
liquid crystal formed between two substrates in a liquid 
crystal display are used. 

The distance between the semiconductor laser chip 
1 and the waveguide type SHG device 3 is thus kept 
fixed with the insertion of the balls 8. This allows light 
emitted from the semiconductor laser chip 1 (hereinaf- 
ter, also simply referred to as the "semiconductor laser 
light") to be coupled to the waveguide 4 only by uniaxial 
adjustment in the direction shown by the arrow in Figure 
1B. Practically, 70 mW light can be coupled to the 
waveguide 4 for 100 mW output of the semiconductor 
laser chip 1 . 

The waveguide type SHG device 3 is fixed on the Si 
submount 6 with ultraviolet-curable resin with the side of 
the waveguide 4 facing the Si submount 6. In this exam- 
ple, a wavelength-tunable DBR (distributed Bragg- 
reflector) semiconductor lager was used as the semi- 
conductor laser chip 1 . The wavelength of the semicon- 
ductor laser light is adjusted to a phase-matching 
wavelength of the waveguide type SHG device 3. As a 
result, a blue light of about 1 mW can be obtained from 
the emergent end face of the waveguide 4. 

With the above module structure of this example, 
the volume can be 1 cc or less, smaller than that of the 
conventional lens-coupling type module. Since the dis- 
tance between the semiconductor laser chip 1 and the 
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SHG device 3 is automatically determined by the inser- 
tion of the baits 8, semiconductor laser light can be cou- 
pled to the waveguide 4 by uniaxial alignment 
adjustment, reducing the time required tor the optical 
coupling adjustment. Typically, it takes about five min- 
utes to assemble the conventional lens-coupling type 
module and about one minute to assemble the conven- 
tional direct-coupling type module requiring three axial 
alignment adjustments. In this example, however, it 
takes only about 30 seconds to assemble the module. 
Moreover, with the balls 8 inserted between the semi- 
conductor laser chip 1 and the waveguide type SHG 
device 3, the optical coupling adjustment can be per- 
formed without damaging the end faces of the active 
layer 2 and the waveguide 4. 

In this example, the distance between the semicon- 
ductor laser chip 1 and the waveguide SHG device 3 
can be adjusted using the balls 8. The same effect can 
also be obtained by inserting a cylindrical member such 
as a single-mode fiber. 

The x-cut LiTa0 3 crystal substrate is used for form- 
ing the SHG device 3 in this example. The same effect 
can also be obtained by using an x-cut UNb0 3 crystal 
substrate or an x-cut KTiOP0 4 crystal substrate. 

(Example 2) 

Figures 2A and 2B are a side view and a plan view, 
respectively, of a light generator 200 of this example. 

In Example 1, the x-cut LiTa0 3 crystal substrate is 
used for the waveguide type SHG device 3. In reality, a 
device with a higher conversion efficiency can be 
obtained by using a z-cut LiTa0 3 crystal substrate. In a 
light generator 200 of Example 2 illustrated in Figures 
2A and 2B, therefore, a z-cut LiTa0 3 crystal substrate is 
used. More specifically, as illustrated in Figures 2A and 
2B, a half-wave film 12 is formed on the incident end 
face of a waveguide 1 0 of a waveguide type SHG device 
9, where a z-cut LiTa0 3 crystal substrate is used, to 
adjust the wavelength while being mounted on the same 
plane of a submount 6 made of Si. 

The half-wave film 12 is formed by obliquely depos- 
iting Ta 2 0 5 using an EB apparatus. The coupling effi- 
ciency in this example is lowered to about 60% as 
compared with the case where no half-wave film is pro- 
vided, since the distance between a semiconductor 
laser chip 1 and the waveguide type SHG device 9 
becomes longer by the thickness of the half-wave film 
12. However, with an increased conversion efficiency of 
the SHG device 9, a blue light of about 3 mW is 
obtained. 

The same effect can also be obtained by using a z- 
cut UNb0 3 crystal substrate or a z-cut KTiOP0 4 crystal 
substrate. 

(Example 3) 

Figures 3A to 3C illustrate a side view, a plan view 
and a perspective view of a light generator 300 of Exam- 



ple 3 according to the present invention, which will be 
described. In the light generator 300 of this example, a 
semiconductor laser chip 1 and a substrate (an optical 
functional device) 9 having a waveguide 10 formed ther- 

5 eon are fixed on different surfaces of a submount 13 
which are perpendicular to each other. 

In this example, as in Example 2, a waveguide type 
SHG device 9 including a z-cut LiTa0 3 crystal substrate 
is used. On this substrate, a waveguide 10 is formed by 

io proton exchange and a periodic domain inverted struc- 
ture 1 1 is formed perpendicular to the waveguide 1 0 by 
application of an electric field. Thus, the SHG device 9 
in this example has a function of halving the wavelength 
of semiconductor laser light 

75 Referring to Figure 3A, the light generator 300 of 
this example includes an AIGaAs semiconductor laser 
chip 1 with an output of 100 mV and a wavelength of 
850 nm, a waveguide type SHG device 9, and an L- 
shaped submount 13 made of Si. The semiconductor 

20 laser chip 1 is fixed on a first surface 1 3A' (also referred 
to as the surface A) of the Si submount 13, while the 
waveguide type SHG device 9 is fixed on a second sur- 
face 13B' (also referred to as the surface B) thereof. 
The assembly of this module will be described in 

25 detail. 

The L-shaped Si submount 13 is produced by cut- 
ting an Si substrate (about 5 mm thick) so that the first 
and second surfaces 13A' and 13B* are perpendicular 
to each other. A thin Au film is formed on the first surface 

30 13A' of the Si submount 13. An Au/Sn solder layer is 
deposited on the portion of the first surface 13 A' where 
the semiconductor laser chip 1 is to be bonded. 

As shown in Figure 3B, the semiconductor laser 
chip 1 is fixed so that the light emitting region of an 

35 active layer 2 of the semiconductor chip 1 is located at 
the position apart by about 1 urn from a reference line C 
(included in the second surface IZB") of the first surface 
13A' of the Si submount 13. A light emitting point E is 
apart from a reference line D by about 1 urn. 

40 In this example, the light emitting point E is identi- 
fied by operating the semiconductor laser chip 1 with 
pulse driving, to adjust and fix the semiconductor laser 
chip 1 at a predetermined position. If a semiconductor 
laser chip 1 which is not fixed on a submount is oper- 

45 ated with direct-current driving, it will deteriorate in a 
short period since heat to be generated is not fully radi- 
ated. However, when the semiconductor laser chip 1 is 
operated with pulse driving as in this example, the posi- 
tioning of the semiconductor laser chip 1 is possible 

50 while operating the semiconductor laser chip 1 to emit 
light. 

Thereafter, the waveguide type SHG device 9 is 
adjusted and fixed on the second surface 1 3B' of the Si 
submount 13. More specifically, alignment of the 
55 waveguide type SHG device 9 is uniaxial ly adjusted in 
the direction shown by the arrow in Figure 3A on the 
second surface 13B' under the state where the incident 
end face of the waveguide type SHG device 9 abuts 
against the reference line D. 
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Since the semiconductor laser chip 1 oscillates at 
the TE mode, the polarized direction of the laser light is 
parallel to the first surface 13 A' On the other hand, a 
waveguide 10 of the waveguide type SHG device 9 
formed on the z-cut UTa0 3 crystal substrate by proton 
exchange, which has a refraction index distribution in 
the z direction, allows light polarized in the direction per- 
pendicular to the substrate (TM mode) to propagate 
therethrough. In this example, since the semiconductor 
laser chip 1 and the waveguide type SHG device 9 are 
fixed on different surfaces of the Si submount 13 which 
are perpendicular to each other, semiconductor laser 
light can be coupled to the waveguide 1 0 without the aid 
of a half-wave plate. 

Moreover, the light emitting point E of the semicon- 
ductor laser chip 1 is fixed at a position higher than the 
second surface 13B' by about 1 jim and the distance 
between the semiconductor laser chip 1 and the 
waveguide type SHG device 9 is set at about 1 urn. 
Accordingly, semiconductor laser light can be coupled 
to the waveguide 10 by the uniaxial alignment adjust- 
ment in the direction shown by the arrow in Figure 3A. 
Thus, a coupling efficiency of about 60% can typically 
be obtained. 

The waveguide type SHG device 9 is fixed on the 
submount 13 with ultraviolet-curable resin. In this exam- 
ple, also, a DBR semiconductor laser is used as the 
semiconductor laser chip 1 . The wavelength of the sem- 
iconductor laser light is matched with the phase-match- 
ing wavelength of the waveguide type SHG device 9. As 
a result, a blue light of about 3 mW can be stably 
obtained. 

With the above module structure of this example, 
the volume can be 1 cc or less, much smaller than that 
of the conventional lens-coupling type module. Since 
the waveguide type SHG device using the z-cut LiTa0 3 
crystal substrate can be used without providing a half- 
wave plate, a highly-efficient SHG blue laser can be 
obtained. Since semiconductor laser light can be cou- 
pled to the waveguide with uniaxial alignment adjust- 
ment, the optical coupling adjustment is easy. Actually, 
it typically takes only about 30 seconds to assemble and 
adjust the module. 

One of the most advantageous points of this exam- 
ple is that the control of the thicknesses of a solder 
(Au/Sn) layer and the thin Au film deposited on the sub- 
mount is not required for alignment of the optical axes. 
The alignment of the optical axes can be conducted 
only with the positional adjustment of the waveguide 
type SHG device 9. In general, it is difficult to adjust the 
thickness of a solder layer used for the bonding of a 
semiconductor laser chip 1, and thus to control the 
height of the active layer 2 of the semiconductor laser 
chip 1 . In this example, the waveguide type SHG device 
is adjusted in the direction of the height of the semicon- 
ductor laser chip (i.e., in a direction x in Figure 3C). 
Accordingly, the alignment adjustment for the optical 
coupling can be performed without the necessity of con- 
trolling the thickness of the solder layer. 



Another advantageous point of this example is that 
the margin regarding the alignment adjustment for the 
optical coupling (i.e., the amount of displacement where 
a half of the maximum coupling efficiency can be 

5 obtained) is larger than those in Examples 1 and 2. In 
the conventional lens-coupling type light generator, the 
adjustment margin in the most strict direction, i.e., the 
direction vertical to the substrate is approximately ±0.6 
urn. The adjustment margin is increased to about 2 um 

70 in this example since the substrate of the semiconduc- 
tor laser chip and the ferroelectric crystal substrate in 
the SHG device 9 are adjusted with each other while 
they are disposed on the different surfaces perpendicu- 
lar to each other. 

15 The light emitting point is identified by pulse<Jriving 
the semiconductor laser chip 1 . This allows the semi- 
conductor laser chip 1 to oscillate without being heated. 
Thus, the semiconductor laser chip 1 can be fixed on a 
predetermined position on the submount without being 

20 deteriorated. 

The z-cut LiTa0 3 crystal substrate is used in this 
example. The same effect can also be obtained by 
using a z-cut LiNb0 3 crystal substrate or a z-cut 
KTiOP0 4 crystal substrate. 

25 

(Example 4) 

In the light generator 300 of Example 3, the semi- 
conductor laser chip and the waveguide type SHG 

30 device are fixed on different surfaces of the L-shaped Si 
submount formed by cutting. In Example 4, a light gen- 
erator 400 using an L-shaped Si submount formed by 
bonding two Si submounts together will be described. 
Referring to Figures 4A to 4D, an L-shaped Si sub- 

35 mount 1 4 includes a first portion 14A (also referred to as 
the portion A) and a second portion 14B (also referred 
to as the portion B) bonded together so that a step is 
formed at the interface of the portions 14A and 14B. 
The light generator 400 of this example is different from 

40 the light generator 300 of Example 3 in that a semicon- 
ductor laser chip 1 is fixed on the first portion 14A with 
a predetermined distance from a reference line D by 
abutting the semiconductor laser chip 1 against the step 
at the interface of the portions 14A and 14B, as shown 

45 in Figure 4A. Thus, in order to fix the semiconductor 
laser chip 1 at a predetermined position, only uniaxial 
alignment adjustment is required where the light emit- 
ting region of an active layer 2 of the semiconductor 
laser chip 1 is adjusted to a position apart from a refer- 

so ence line C by 1 um, which corresponds to an extended 
line of a second surface 14B' (also referred to as the 
surface B), on a first surface 14A 1 (also referred to as 
the surface A) of the Si submount 14. 

Figures 4B, 4C, and 4D are a side view, a plan view 

55 and a perspective view of the light generator 400, 
respectively. As in Example 3, the semiconductor laser 
chip 1 is fixed on the Si submount 14 with an Au/Sn sol- 
dering. As in Example 3, a position of the waveguide 
type SHG device 9 is adjusted on the second surface 
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14B\ A z-cut LiTa0 3 crystal substrate is used for the 
waveguide type SHG device 9. 

With the smaller distance between the semiconduc- 
tor laser chip 1 and the waveguide type SHG device 9, 
the coupling efficiency in this example is as high as s 
about 70%. The waveguide type SHG device 9 is fixed 
on the submount 14 with ultraviolet-curable resin. As a 
result, a blue light of about 4 mW can be obtained for 
about 1 00 mW output of the semiconductor laser chip 1 . 

In Example 3, it is difficult to obtain right-angle cor- 
ners of the L-shaped Si submount 13. In this example, 
however, right-angle corners can be easily obtained 
since two Si submounts (the first and second portions 
14A and 14B) are bonded together to form the sub- 
mount 14. One advantage of this example is that, with 
the step formed at the interface between the portions 
14A and 14B, the distance between the semiconductor 
laser chip 1 and the waveguide type SHG device 9 can 
be automatically adjusted, allowing light from the semi- 
conductor laser chip 1 to be coupled to the waveguide 
10 with simple uniaxial alignment adjustment. Since the 
fixation of the semiconductor laser chips 1 is easier than 
in Example 3, it typically takes only about 20 seconds to 
assemble and adjust the module of this example. 

In this example, also, a small SHG blue laser with a 
module volume of 1 cc or less is realized. Using the z- 
cut LiTa0 3 crystal substrate for the waveguide SHG 
device 9, blue light is obtained with high efficiency. As in 
Example 3, the control of the thicknesses of the Au/Sn 
soldering and the Au thin film deposited on the sub- 
mount 14 is not required, and only the positional adjust- 
ment of the waveguide type SHG device 9 is performed 
for the optical coupling adjustment. 

The z-cut LiTa0 3 crystal substrate is used in this 
example. The same effect can also be obtained by 
using a z-cut LiNb0 3 crystal substrate or a z-cut 
KTiOP0 4 crystal substrate. 

(Example 5) 

In consideration of the heat radiation of a semicon- 
ductor laser chip, a submount is preferably made of a 
material having a high thermal conduction. The sub- 
mount is also desirably made of a material with good 
processability in consideration that not only the semi- 
conductor laser chip but also an optical functional 
device are mounted on the submount. On the other 
hand, the heat radiation of the semiconductor laser chip 
should not be conducted to a ferroelectric crystal sub- 
strate on which a waveguide is formed. For example, in 
the case of the SHG device, the temperature of the SHG 
device is made non-uniform by receiving the heat pro- 
duced by the semiconductor laser, thereby deteriorating 
the conversion efficiency of the SHG device to harmonic 
light. 

Ceramic materials are generally highly processa- 
ble. A desirable thermal conductivity and linear expan- 
sion coefficient can be obtained by selecting an 
appropriate type of ceramic materials. For example, The 



thermal conductivities of ceramics of AIN (0.4 
cal/cm/sec/°C) and SiC (0.15 cal/cm/sec/°C) are as 
high as or higher than that of Si (0.3 cal/cm/secAC). 
Conversely, Zr0 2 is a material with a low thermal con- 
ductivity (0.01 cal/cm/sec/°C). 

The submount made of Si is used in the light gener- 
ators of Examples 1 to 4. Since ceramics of AIN and SiC 
have high thermal conduction as described above, they 
can be used in place of the Si submount in Examples 1 
to 4 to obtain the same effect. 

In a light generator 500 of Example 5 according to 
the present invention, different materials are used for a 
first portion 15A (also referred to as the portion A) of a 
submount 15 on which a semiconductor laser chip 1 is 
mounted and a second portion 15B thereof on which a 
substrate (the optical functional device) 3 with a 
waveguide 4 formed thereon is mounted. In this exam- 
ple, a waveguide type SHG device 3 having an x-cut 
LiTa0 3 crystal substrate is used. 

Rgures 5A and 5B are a side view and a top view 
of a light generator 500 of this example. 

Referring to Figures 5A and 5B, a submount 15 is 
composed of a first portion 15A (also referred to as the 
portion A) on which a semiconductor laser chip 1 is 
mounted and a second portion 15B (also referred to as 
the portion B) on which a waveguide type SHG device 3 
is mounted. The first portion 15A is made of an AIN 
ceramic which has a high thermal conductivity, while the 
second portion 15B is made of a Zr0 2 ceramic which 
has a low thermal conductivity. The portions 15A and 
1 5B are integrated by bonding to form the submount 1 5. 
The surfaces of the submount 1 5 on which the semicon- 
ductor laser chip 1 and the waveguide type SHG device 

3 are fixed are mirror-finished. 

Alternatively, the portions 1 5A and 1 5B may be just 
put together without bonding and then integrated by sin- 
tering. In such a case, the structure as a light generator 
600 shown in Figure 6 is advantageous in the aspect of 
the mechanical strength. In the light generator 600, the 
first portion 1 5A of the submount 1 5 is formed to have a 
terrace-like portion, and the second portion 15B is 
mounted on the terrace-like portion. 

The semiconductor laser chip 1 and the waveguide 
type SHG device 3 are fixed in the same plane of the 
submount 15, as in Example 1, for coupling semicon- 
ductor laser light to a waveguide 4. The distance 
between the semiconductor laser chip 1 and the 
waveguide type SHG device 3 is kept fixed with balls 8. 
Thus, semiconductor laser light can be coupled to the 
waveguide 4 with only uniaxial alignment adjustment in 
the direction shown by the arrow in Figure 5B. Typically, 
light with about 70 mW can be coupled to the waveguide 

4 for about 100 mW output of the semiconductor laser 
chip 1 . In this example, as in the previous examples, a 
wavelength-tunable DBR semiconductor laser is used. 
The wavelength of the semiconductor laser is matched 
with the phase-matching wavelength of the waveguide 
type SHG device 3. As a result, 1.5 mW blue light can 
be obtained from the emergent end face of the 
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waveguide 4. 

When the submount 1 5 is fixed to a copper stem or 
the like, the heat from the semiconductor laser chip 1 is 
transmitted through the highly-conductive AIN ceramic 
(the first portion 15A) toward the stem. The waveguide 
type SHG device 3 which is fixed on the Zr0 2 ceramic 
(the second portion 15B) is hardly affected by the heat 
from the semiconductor laser chip 1. As a result, the 
heat conduction from the semiconductor laser chip 1 to 
the waveguide type SHG device 3 can be reduced. 
Practically, a conversion efficiency 1.5 times as high as 
that in Example 1 can be obtained. 

In this example, the heat conductivity of the first 
portion 15A was 40 times that of the second portion 
15B by using an AIN ceramic for the first portion 15A. 
The same effect can also be obtained by using an SiC 
ceramic in place of the AIN ceramic. Using AI2O3 (ther- 
mal conductivity: 0.05 cal/cm/sec^C), however, does 
not exhibit good results. The thermal conductivity of the 
first portion 1 5A is therefore preferably 1 0 or more times 
that of the second portion 15B. 

In this example, ceramic is used in consideration of 
the processability and the linear expansion coefficient. 
The same effect can also be obtained by using metal as 
the high thermally conductive material or glass and the 
like as the low thermally conductive material. 

The x-cut LiTa0 3 crystal substrate is used in this 
example. The same effect can also be obtained by 
using an x-cut LiNb0 3 crystal substrate or an x-cut 
KTiOP0 4 crystal substrate. 

(Example 6) 

In a light generator 700 of Example 6 as shown in 
Figure 7A, different materials are used for a first portion 
16A of an L-shaped submount 16 on which a semicon- 
ductor laser chip 1 is mounted and a second portion 
16B thereof on which a substrate (an optical functional 
device) 9 with a waveguide 10 formed thereon is 
mounted. In this example, a waveguide type SHG 
device 9 having a z-cut LiTa0 3 crystal substrate is used. 

Referring to Figures 7B to 7D which are a side view, 
a plan view and a perspective view, respectively, of the 
light generator 700 of this example, an L-shaped sub- 
mount 16 is composed of a first portion 16A (also 
referred to as the portion A) on which a semiconductor 
laser chip 1 is mounted and a second portion 16B (also 
referred to as the portion B) on which a waveguide type 
SHG device 9 is mounted. The first portion 16A is made 
of an AIN ceramic which has a high thermal conductiv- 
ity, while the second portion 16B is made of a Zr0 2 
ceramic which has a low thermal conductivity. The por- 
tions 16A and 16B are integrated by bonding so that a 
step is formed therebetween, to form the submount 16. 
The surfaces of the submount 1 6 on which the semicon- 
ductor laser chip 1 and the waveguide type SHG device 
9 are formed are mirror-finished. 

Alternatively, the portions 16A and 16B may be put 
together without bonding and than integrated by sinter- 



ing. In this case, the structure described hereinbefore 
with reference to Figure 6 is advantageous in the aspect 
of its mechanical strength. 

The semiconductor laser chip 1 and the waveguide 

5 type SHG device 9 are aligned with each other and then 
fixed as described in Example 4. As a resutt, a coupling 
efficiency as high as 70% is typically obtained, and a 
blue lights of about 6 mW can be obtained for about 100 
mW output of the semiconductor laser chip 1 . 

10 In this example, as in Examples 3 and 4, the mod- 
ule volume is 1 cc or less. Since semiconductor laser 
light cast be coupled to the waveguide with simple 
uniaxial alignment adjustment, a small SHG blue laser 
can be realized at low cost and the margin for the optical 

15 coupling adjustment is increased. Moreover, since the 
thermal conduction of the heat generated in the semi- 
conductor laser chip 1 to the waveguide type SHG 
device 9 is reduced, a conversion efficiency 1 .5 times as 
high as that in Examples 3 and 4 is obtained. 

20 The z-cut LiTa0 3 crystal substrate is used in this 
example. The same effect can also be obtained by 
using a z-cut LiNb0 3 crystal substrate or a z-cut 
KTOPO4 crystal substrate. 



In Example 7, a light generator 800 where a half- 
wave plate is interposed between the first portion (por- 
tion A) and the second portion (portion B) of the sub- 
mount in Example 5 will be described. 

Figures 8A and 8B are a side view and a top view 
of a light generator 800 of this example. 

In the light generator 800, a submount 17 is com- 
posed of a first portion 17A (also referred to as the por- 
tion A) on which a semiconductor laser chip 1 is 
mounted and a second portion 17B (also referred to as 
the portion B) on which a waveguide type SHG device 9 
is mounted. The first portion 17A is made of an AIN 
ceramic which has a high thermal conductivity, while the 
second portion 17B is made of a Zr0 2 ceramic which 
has a low thermal conductivity. A 5.4 \im thick LiNb03 
crystal thin plate 18 is interposed between the portions 
17A and 17B, and are integrated by bonding. The sur- 
faces of the submount 17 on which the semiconductor 
laser chip 1 and the waveguide type SHG device 9 are 
formed are mirror-finished. In this example, a z-cut 
LiTa0 3 crystal substrate with the optical waveguide 10 
formed thereon is used for the waveguide type SHG 
device 9. 

The semiconductor laser chip 1 and the waveguide 
type SHG device 9 are mounted in the same plane of 
the submount 17, as in Example 5, for the coupling of 
semiconductor laser light to a waveguide 10. The semi- 
conductor laser chip 1 is mounted on the submount 17 
with an Au/Sn solder with the emergent end face being 
in contact with the LiNb0 3 crystal thin plate (half-wave 
plate) 18. A 5 urn thick Si0 2 protection film 7 is formed 
on the waveguide type SHG device 9 so that an active 
layer 2 of the semiconductor laser chip 1 and the 
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waveguide 10 of the waveguide type SHG device 9 are 
on the same height level when they are fixed on the sub- 
mount 17. 

in the light generator 800, the waveguide type SHG 
device 9 is uniaxially alignment adjusted in the direction 5 
shown by the arrow in Figure 8B under the state where 
the incident end face thereof abuts against the LiNb0 3 
crystal thin plate 18, to allow semiconductor laser light 
to be coupled to the waveguide 10. As a result, light of 
about 50 mW can be coupled to the waveguide 10 for w 
about 100 mW output of the semiconductor laser, and a 
blue light of about 1 mW can be obtained from the emer- 
gent end face of the waveguide 1 0. 

Since the waveguide type SHG device using the z- 
cut LiTa0 3 crystal substrate can be used in this exam- 15 
pie, a highly efficient SHG blue laser can be realized. 
Since the distance between the semiconductor laser 
chip 1 and the waveguide type SHG device 9 is auto- 
matically determined by the thickness of the LiNb0 3 
crystal thin plate 18, only uniaxial alignment is required 20 
for realizing the optical coupling adjustment. 

The z-cut LiTa0 3 crystal substrate is used in this 
example. The same effect can also be obtained by 
using a z-cut LiNb0 3 crystal substrate or a z-cut 
KTOPO4 crystal substrate. 25 

In this example, the LiNb0 3 crystal thin plate which 
is a birefringent crystal thin plate is used as the half- 
wave plate 18. The same effect can also be obtained by 
using other birefringent crystal such as quartz crystal or 
LiTa0 3 crystal. LiNb0 3 crystal is more preferable as the 30 
crystal thin plate because, having a larger birefringence, 
it can be more thin to allow the semiconductor laser chip 
1 and the waveguide 1 0 to be more closer, thus increas- 
ing the coupling efficiency. The LiNb0 3 crystal also has 
good processability. 35 

(Example 8) 

In the fabrication of the light generators of Exam- 
ples 1 to 7, it is important to first fix the semiconductor 40 
laser chip at a predetermined position on the submount. 
In the light generator using the L-shaped submount as 
in Examples 3, 4, and 6, especially, the semiconductor 
laser chip needs to be positioned with a precision on the 
order of submicrons. In Example 1, the semiconductor 45 
laser chip 1 is adjusted and fixed while being actually 
pulse-driven to allow it to emit light and thus to identify 
the light emitting point. In Example 8, a method for 
adjusting and fixing the semiconductor laser chip is 
described where the bottom of the submount is irradi- so 
ated with light transparent to the submount to obtain a 
highly precise image of the semiconductor laser chip. 

First, referring to Figures 9 and 10A to 10C, the 
method of this example will be described using the light 
generator 300 of Example 3 shown in Figures 3A and ss 
3B. In this method, the light emitting point E of the active 
layer 2 of the semiconductor laser chip 1 is fixed at a 
predetermined position (the position apart from the ref- 
erence line C by 1 um and from the reference line D by 



1 11m) on the surface A of the Si submount 13. 

Referring to Figure 9, a detector 19, a microscope 
20 capable of providing a magnification of x500, and an 
infrared light source 21 capable of emitting light trans- 
parent to Si are used. Referring to Figures 10A to 10C, 
a marking A having a rectangular shape is provided on 
a surface of the semiconductor laser chip 1, while a 
marking B as a combination of four triangles is provided 
on a surface of the submount 1 3, both in the form of thin 
Au films. A thin Au film 22 as an electrode and a solder 
layer 23 are also formed on the Si submount 13. In Fig- 
ure 10C, the marking A is illustrated as overlapping at 
the center of the marking B. 

Light emitted from the infrared light source 21 is 
incident on the bottom surface of the Si submount 13 
and reflected by the markings A and B. The reflected 
light is magnified with the microscope 20 and focused 
on the detector 19. In this example, an InP semiconduc- 
tor laser, operated in a 1 .3 um wavelength band, is used 
as the infrared light source 21 . The position of the sem- 
iconductor laser chip 1 is adjusted so that the intensity 
distribution of the reflected light on the detector 19 is 
point-symmetrical, i.e., each marking A is positioned in 
the center of the corresponding marking B composed of 
four marks in the x and y directions as shown in Figure 
10C. Once the semiconductor laser chip 1 is correctly 
positioned, the submount 1 3 is heated to melt the solder 
23 and thins to fix the semiconductor laser chip 1 at the 
predetermined position. 

Then, referring to Figures 11 A and 11B, a method 
for uniaxially adjusting the position of the semiconductor 
laser chip 1 will be described using the light generator of 
Example 4 or 6. 

The submount 14 shown in Figure 11 B has a step 
at the interface of the portions 14A and 14B as 
described in Example 4. The emergent end face of the 
semiconductor laser chip 1 can be positioned along the 
reference line D by abutting it against this step. A line- 
shaped marking C is formed right above the light emit- 
ting region of the semiconductor laser chip 1, while 
markings D and a solder layer 24 are formed on the Si 
submount 14. 

The semiconductor laser chip 1 is then oriented 
upside down, and, while being moved in the direction 
shown by the arrow in Figure 1 1 B, positioned so that the 
marking C is located between the markings D. Light 
emitted from the infrared light source 21 is incident on 
the bottom surface of the Si submount 13 as shown in 
Figure 9. Light passing through the Si submount 13 is 
reflected by the markings C and D. The reflected light is 
magnified with the microscope 20 and focused on the 
detector 19. When the marking C is located between the 
markings D, the light intensity reflected from the three 
markings becomes maximum. Once the semiconductor 
laser chip 1 is correctly positioned, the Si submount 13 
is heated to melt the solder 24 and thus fix the semicon- 
ductor laser chip 1 at the predetermined position. 

If the top surface of the semiconductor laser chip 1 
is irradiated with light to recognize the markings, it is dif- 
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f icult to correct the aberration of the lens of the micro- 
scope 20 since the semiconductor laser chip 1 is of a 
multilayer structure. If the Au electrode is formed on the 
top surface of the semiconductor laser chip 1 , the iden- 
tification of the markings is difficult since the Au film s 
does not transmit infrared light. In this example, since 
the lens of the microscope 20 is designed taking the 
thickness of the Si submount into consideration, the 
reflected light can be focused on the detector 1 9 without 
aberration. Thus, highly precise positional adjustment 
can be realized by irradiating the bottom surface of the 
Si submount with light and recognizing the markings A 
to D from the bottom surface of the submount. 

(Example 9) 

In Example 8, the formation of the markings A or 
the marking C on the semiconductor laser chip 1 is 
required to identify the light emitting region of the semi- 
conductor laser chip 1. In Example 9, a method for 
detecting the light emitting region without the use of a 
marking on the semiconductor laser chip 1 will be 
described. 

Referring to Figure 12, the semiconductor laser 
chip 1 is irradiated with light emitted from a pigment 
pulse laser 25 with a wavelength of 650 nm. With this 
irradiation, electrons in the active layer 2 are excited to 
cause laser oscillation, which then causes the light emit- 
ting point E to emit light. Thus, the light emitting point E 
is identified while the alignment adjustment is con- 
ducted. 

Alternatively, referring to Figure 13, light emitted 
from an AIGaAs semiconductor laser 26 with a wave- 
length of a 850 nm band is focused on the rear end face 
of the semiconductor laser chip 1 . The light then propa- 
gates through the light emitting region (the active layer 
2) of the semiconductor laser chip 1 , allowing electrons 
in the active layer 2 to be excited and the light emitting 
point E to emit light. Thus, the light emitting point E is 
identified. 

In the methods of this example, the light emitting 
point E can be identified without applying current to the 
semiconductor laser chip 1 or providing markings on the 
semiconductor laser chip 1. The semiconductor laser 
chip 1 can therefore be adjusted and fixed in a period as 
short as about 20 seconds and easily assembled. 

(Example 10) 

Referring to Figures 14A to 14E, a light generator of 
Example 10 according to the present invention will be 
described. In the light generator of this example, the 
surface of a substrate on which a waveguide is formed 
and the surface of a submount on which the substrate is 
fixed are not parallel to each other, and the height of the 
waveguide with respect to the submount can be 
adjusted by moving the substrate. 

A process for providing such a non-parallel relation- 
ship between the surfaces will first be explained. In this 



example, a waveguide type SHQ device 3 including an 
x-cut UTa0 3 crystal substrate and a waveguide 4 
formed thereon is used as the optical functional device. 

Referring to Figures 14A and 14B which are a side 
view and a plan view of the light generator in the present 
example, a semiconductor laser chip 1 and a waveguide 
type SHG device 3 are fixed on an Si submount 6, as in 
Example 1. Au is deposited on a portion of the Si sub- 
mount 6 as an electrode and the semiconductor laser 
chip 1 is fixed by soldering. In Example 1 , the Si0 2 pro- 
tection film 7 is formed on the waveguide type SHG 
device 3 to adjust the height of the waveguide 4 with 
respect to the active layer 2 of the semiconductor laser 
chip 1. In this example, the heights of an active layer 2 
and a waveguide 4 are adjusted in the following manner. 
Referring to Figure 14C, a stripe projection 27 is formed 
on the surface of the waveguide type SHG device 3 on 
which the waveguide 4 is formed. The height of the pro- 
jection 27 is, for example, about 10 nm. The height of 
the active layer 2 and the waveguide 4 is adjusted using 
the projection 27. 

In general, a plurality of waveguides 4 are formed 
on the substrate of the waveguide type SHG device 3 at 
intervals of about 30 jam. With the projection 27 formed 
on the waveguide type SHG device 3, the heights of the 
waveguides at positions O, P, and Q are different from 
one another as shown in Figure 14C. For example, the 
heights at the positions O, P, and Q are about 0 nm, 
about 5 ^m, and about 10 nm, respectively. Thus, by 
moving the waveguide type SHG device 3 in the direc- 
tion shown by the arrow in Figure 14B, the height of the 
waveguide 4 can be adjusted arbitrarily so as to obtain 
the maximum coupling efficiency. With this arbitrary 
height adjustment, the coupling efficiency can be 
improved, for example, to about 80%, and a blue light of 
about 1 .3 mW can be obtained. 

The same effect can also be obtained by forming a 
projection 27 on the Si submount 6 as shown in Figure 
14D, or by grinding the crystal substrate obliquely in the 
case where the surface of the substrate of the SHG 
device 3 opposite to the waveguide-formed surface is 
fixed on the submount 6 t as shown in Figure 14E. In the 
latter case, since the waveguide 4 is positioned far from 
the submount 6, the heat conduction from the semicon- 
ductor laser chip 1 to the SHG device 3 through the sub- 
mount 6 can be prevented more effectively. 

Thus, in this example, the height of the waveguide 
4 can be adjusted by uniaxial alignment adjustment of 
the waveguide type SHG device 3. This eliminates the 
necessity of strictly controlling the thickness of the sol- 
dering at the fixation of the semiconductor laser chip 1 , 
and thus more practical assembling is realized. 

(Example 11) 

In the above examples, the waveguide type SHG 
device is used as the waveguide type optical functional 
device. The same effect can also be obtained in the 
case of a waveguide type optical modulation device. 
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Figure 15 shows a waveguide type optical modula- 
tion device which includes a z-cut UNb0 3 crystal sub- 
strate 28 and a branched waveguide 29 formed on the 
substrate 28 having electrodes 30 which are formed on 
the branches of the waveguide 29. The phase of inci- s 
dent light of the TM mode is changed by A<|> and -A<|> 
when propagating through the two branches in the 
waveguide 29, producing the phase difference of 2A<|> 
therebetween (a push-pull operation). The intensity of 
the output light is modulated for the phase difference of 
2A<|>. 

For the waveguide type optical modulation device, 
direct coupling of light from the semiconductor laser 
chip to the waveguide without any coupling lens is also 
desired for size reduction. In such a case, it is important 
to realize a module configuration capable of simplifying 
alignment adjustment for the optical coupling. In addi- 
tion, in a direct-coupling type module, heat conduction 
from the semiconductor laser chip affects the phase 
change in the waveguide and thus deteriorates the 
modulation characteristics of the device. 

The optical modulation device can be fixed on the 
submount in place of the SHG device in each of Exam- 
ples 1 to 10 to fabricate a light generator. As a result, a 
small direct-coupling type optical modulation device 
with a volume of 1 cc or less is realized with an assem- 
bling time of about 30 seconds or less. The heat con- 
duction from the semiconductor laser chip to the optical 
modulation device can be reduced by using different 
materials for the portion of the submount on which the 
semiconductor laser chip is mounted and the portion 
thereof on which the optical modulation device is 
mounted. Thus, a stable intensity modulation of output 
light is realized. 

In the above examples, the waveguide is formed an 
the ferroelectric crystal substrate by proton exchange. 
The same effect can also be obtained by forming the 
waveguide on a glass substrate by ion exchange. 

In the following examples, an oscillation wavelength 
stabilizer, a harmonic output stabilizer, and an optical 
disk system according to the present invention will be 
described. 

Specifically, in accordance with the present inven- 
tion, in a semiconductor laser having a DBR region 
(DBR semiconductor laser), the oscillation wavelength 
thereof can be fixed at a predetermined value or stably 
controlled when it is varied. In addition, in a short-wave- 
length light source combining such a semiconductor 
laser with a wavelength converting device, a stable har- 
monic output is realized. 

Prior to the description of the embodiments, some 
results of the study will be explained, which was con- 
ducted by the present inventors in the process leading 
to the present invention. 

Figure 19 shows the relationship between the cur- 
rent (DBR current) supplied to the DBR region of the 
semiconductor laser and the oscillation wavelength. 
Figure 21 shows the relationship between the tempera- 
ture of the semiconductor laser and the oscillation 



wavelength. 

The case of varying the oscillation wavelength by 
varying the DBR current will be described. As is 
observed from Figure 1 9, as the DBR current increases, 
the oscillation wavelength shifts toward the longer 
wavelength in a manner of repeating mode hopping. 
The oscillation wavelength for a particular current level 
when the DBR current increases is different from that 
when it decreases, exhibiting a hysteretic characteristic. 
As a result, when the oscillation wavelength is to be var- 
ied by varying the DBR current between a level A and a 
level B, the DBR current is first gradually increased (or 
decreased) from the level A toward the level B to detect 
a certain current value which corresponds to a desired 
wavelength value, and the current is then decreased (or 
increased) after reaching the level B to be set at the 
detected certain current value, the oscillation wave- 
length is not actually set at the desired value. This is 
because different wavelength levels correspond to the 
same DBR current value in the first increasing (or 
decreasing) step and the second decreasing (or 
increasing) step due to the hysteretic characteristics, 
The present inventors realized that the above aspect 
makes it difficult to fix the oscillation wavelength at a 
desired value by varying the DBR current. 

On the other hand, in the case of varying the oscil- 
lation wavelength by varying the temperature of the 
semiconductor laser, the oscillation wavelength is con- 
tinuously varied in a linear relationship with the variation 
of the temperature of the semiconductor laser, as 
shown in Figure 21. In this case, however, the present 
inventors found that the mode-hopping may occur dur- 
ing the temperature-varying process, resulting in a dis- 
continuous wavelength change. The present inventors 
realized that deterioration of reliability will be caused by 
the above aspect when the ambient temperature range 
under which the semiconductor laser is used becomes 
large. 

Hereinafter, various embodiments in connection 
with the oscillation wavelength stabilizer and the har- 
monic output stabilizer according to the present inven- 
tion will be described with reference to the 
accompanying drawings. 

(Stabilization of oscillation wavelength of DBR semicon- 
ductor laser) 

(Example 12) 

Rgure 18A is a block diagram showing an oscilla- 
tion wavelength stabilizer of this example for a DBR 
semiconductor laser. Figure 18B is a flowchart showing 
a method for controlling the oscillation wavelength stabi- 
lizer. In this example, a method for stably varying the 
oscillation wavelength by controlling a DBR currant sup- 
plied to a DBR region of the semiconductor laser unidi- 
rectionafly will be described. 

The oscillation wavelength stabilizer of this example 
includes a semiconductor laser 101 having an active 
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region 102 and a DBR region 103, and a wavemeter 
105 for detecting the oscillation wavelength. The oscilla- 
tion wavelength stabilizer also includes three circuit sys- 
tems for controlling these three parts: that is, a laser 
driving section 107 for controlling a current supplied to 5 
the active region 102 of the semiconductor laser 101 ; a 
DBR control section 108 for controlling the DBR current 
supplied to the DBR region 103 of the semiconductor 
laser 101 to adjust the oscillation wavelength to a 
desired wavelength; and a wavelength detection section 
109 for detecting the wavelength of laser light. The 
oscillation wavelength stabilizer also includes a system 
control section 106 for controlling the three circuit sys- 
tems 107 to 109. 

The semiconductor laser 101 is formed by epitaxial 
growth using an MOCVD apparatus. After n-AIGaAs is 
grown on an n-GaAs substrate, AIGaAs is grown to form 
a waveguide region and an active region, and then p- 
AIGaAs is grown as a cladding layer. Then, a waveguide 
is formed by photolithography. A resist is applied to the 
resultant wafer to form a grating pattern by interference 
exposure. Thereafter, only the waveguide region is 
etched to form a grating (DBR). In a second MOCVD 
growth, p-GaAs is grown on the resultant wafer for 
reducing contact resistance. Electrodes 104b and 104a 
are formed on the DBR region 103 and the active region 
102 for current application. The resultant DBR semicon- 
ductor laser 101 exhibits a threshold current of about 30 
mA and an operating current of about 150 m A at about 

100 mW output. 
A method for adjusting the oscillation wavelength to 

a desired wavelength in this example according to the 
present invention will be described in detail with refer- 
ence to Figures 18A and 18B. 

First, a signal is input into the laser driving section 
107 from a system control section 106 to supply a cur- 
rent to an electrode 104a formed on the active region 

1 02 so that the light intensity of the semiconductor laser 

101 becomes a set value, i.e., 100 mW. The oscillation 
wavelength of laser light is detected with the wavemeter 
105, and a signal indicating the detected result is output 
from the wavelength detection section 109. Then, a sig- 
nal is input into the DBR control section 1 08 to supply a 
current to an electrode 104b formed on the DBR region 

103 so that the oscillation wavelength of laser light is 
adjusted. 

Figure 19 shows the relationship between the DBR 
current and the oscillation wavelength. The oscillation 
wavelength shifts toward the longer wavelength in a 
manner of repeating mode hopping when the DBR cur- 
rent increases. The slope of the wavelength shift with 
regard to the DBR current is 0.21 nm/10 mA. The oscil- 
lation wavelength for a particular current amount when 
the DBR current increases is different from that when it 
decreases, showing the hysteretic characteristic. In this 
example, the following technique is adopted to avoid the 
hysteretic characteristic and thus perform a correct 
adjustment of the oscillation wavelength. 

First, the DBR current is increased from 0 mA to 



100 mA to scan the oscillation wavelength. Specifically, 
the signal output from the wavelength detection section 
109 is detected, and a DBR current obtained when the 
wavelength of laser light is equal to a set wavelength is 
stored in the system control section 106. Then, after 
reaching 100 mA, the DBR current is lowered to a value 
lower than the stored DBR current by 10 mA (i.e., the 
DBR current is reset). Thereafter, the DBR current is 
changed again in the same direction as in the previous 
detection step (i.e., increase in this case), adjusting it to 
the value stored in the system control section 106. 
Thus, the oscillation wavelength of the semiconductor 
laser 1 01 is adjusted to the set wavelength. 

As described above, when the wavelength of laser 
light is adjusted to the set wavelength, the DBR current 
is first increased to detect a certain current level corre- 
sponding to the set wavelength and then set at a value 
lower than the certain current level corresponding to the 
set wavelength, and further increased to be fixed at the 
corresponding current. This makes it possible to avoid 
the above-described hysteretic characteristic pos- 
sessed by the semiconductor laser having the DBR 
region. 

It should be noted that the DBR current may be first 
decreased to detect a certain current level correspond- 
ing to the set wavelength, then increased beyond the 
detected current level and again decreased to finally be 
fixed at the detected level. 

If the DBR current is fixed at a value near a mode 
hopping current, mode hopping tends to occur due to a 
variation of the ambient temperature and the like. To 
avoid this problem, in this example, the DBR current is 
fixed at a value (l 0 ) between mode hopping DBR cur- 
rents h and l 2 (l 0 = ( | i +, 2V 2 )- "n™ 8 * a more stable 
wavelength control is realized. 

Another problem with the method for varying the 
oscillation wavelength using the DBR current is that 
noise is generated at the mode hopping. This is derived 
from the fact that the wavelength variation with the vari- 
ation of the DBR current is a thermal phenomenon 
caused by a heater inside the DBR region. However, 
since mode hopping occurs during a short period of 10 
nS or less, this is negligible for the frequency bandwidth 
of tens of MHz or less used for optical disks and the like. 
Accordingly, by lowering the supply rate of the DBR cur- 
rent only in the area where mode hopping occurs, wave- 
length variation without generating noise can be 
realized in the frequency bandwidth of tens of MHz or 
less. 

Figure 35 shows an example of the DBR current 
supply rate. The DBR current supply rate is 1 mA/10 ps 
in the continuous wavelength variation area, while it is 1 
mA/100 jis in the mode hopping occurring area. The 
wavelength variation without generating noise is real- 
ized by following the DBR current supply rates as shown 
in Figure 35. 

Though the DBR current supply rate of 1 mA/100 
us is used in Figure 35, the wavelength variation without 
generating noise can also be realized by using a supply 
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rate lower than 1 m A/1 00 lis. 
(Example 13) 

Figure 20A is a block diagram showing an oscilla- 
tion wavelength stabilizer of this example for a DBR 
semiconductor laser using an electronic cooling ele- 
ment. Figure 20B is a flowchart showing a method for 
controlling the oscillation wavelength stabilizer. In this 
example, a method for varying the oscillation wave- 
length using an electronic cooling element (Peltier ele- 
ment) 1 1 1 will be described. 

The oscillation wavelength stabilizer of this example 
includes a semiconductor laser 101 having an active 
region 102 and a DBR region 103, a wavemeter 105 for 
detecting the oscillation wavelength, a temperature sen- 
sor 116 for detecting the temperature of the semicon- 
ductor laser 101, and an electronic cooling element 111 
for controlling the temperature of the semiconductor 
laser 101. The oscillation wavelength stabilizer also 
includes four circuit systems for controlling these parts: 
that is, a laser driving section 107 for controlling a cur- 
rent supplied to the active region 102 of the semicon- 
ductor laser 101; a DBR control section 108 for 
controlling a DBR current supplied to the DBR region 
1 03 of the semiconductor laser 101 to adjust the oscilla- 
tion wavelength to a desired wavelength; a wavelength 
detection section 109 for detecting the wavelength of 
laser light; and a Peltier control section 112 for control- 
ling the temperature of the semiconductor laser 101. 
The oscillation wavelength stabilizer further includes a 
system control section 106 for controlling the four circuit 
systems 107 to 109 and 112. 

A method for adjusting the wavelength of laser light 
to a set wavelength in this example according to the 
present invention will be described in detail with refer- 
ence to Figures 20A and 20B. 

As the initial setting, as in Example 12, a signal is 
input into the laser driving section 107 from a system 
control section 106 to supply a current to the active 
region 102 so that the light intensity of the semiconduc- 
tor laser 101 becomes a set value (100 mW) (Loop I). 
Then, the ambient temperature is detected with the tem- 
perature sensor 116, and a signal is input into the Peltier 
control section 112 from the system control section 106, 
to adjust the current supplied to the electronic cooling 
element 1 1 1 so that the temperature of the semiconduc- 
tor laser 101 is fixed at a value near the detected ambi- 
ent temperature (Loop II). Thereafter, a signal is input 
into the DBR control section 108 from the system con- 
trol section 106 to control a current supplied to the DBR 
region 103 so that the oscillation wavelength of laser 
light is adjusted to a value near a set wavelength, while 
the output from the wavelength detection section 109 is 
detected (Loop III). Thus, the initial setting is completed. 

The wavelength variation using the DBR current in 
Example 12 is not continuous, but discontinuous with 
mode hopping at intervals of about 0.1 nm This makes 
it difficult to fix the oscillation wavelength of the semi- 



conductor laser at a desired wavelength with a precision 
of 0.1 nm or less. In this example, however, continuous 
wavelength variation is possible by using the variation of 
the temperature of the semiconductor laser. 

5 Figure 21 shows the relationship between the tem- 
perature of the DBR semiconductor laser and the oscil- 
lation wavelength. In the case of the DBR 
semiconductor laser, the oscillation wavelength shifts 
toward the longer wavelength as the temperature rises 

w by 0.07 nm/°C. The oscillation wavelength shifts contin- 
uously, not through a repeated mode hopping as shown 
in Figure 19, in the wavelength range of about 1 nm. In 
this example, therefore, after the above initial setting, 
the temperature of the semiconductor laser 101 is var- 

15 ied using the electronic cooling element 1 1 1 to vary the 
oscillation wavelength. 

Specifically, first, the oscillation wavelength is 
detected with the wavemeter 105, and a signal indicat- 
ing the difference between the oscillation wavelength 

20 and the set wavelength is output from the wavelength 
detection section 109. Then, a signal is input into the 
Peltier control section 112 to adjust the current to be 
supplied to the electronic cooling element 111 go as to 
compensate the difference between the oscillation 

25 wavelength and the set wavelength. Thus, the oscilla- 
tion wavelength of laser light is controlled (Loop IV). 

This loop is repeated several times to match the 
wavelength of laser light with the set wavelength. 

Thus, by using the variation of the temperature of 

30 the semiconductor laser, the wavelength variation with a 
precision of 0.1 nm or less is possible. 

The heat absorption capacity of the electronic cool- 
ing element 111 is influential when the wavelength of 
the semiconductor laser 101 is varied using the elec- 

35 tronic cooling element 111. The heat absorption capac- 
ity of the electronic cooling element 111 closely 
depends on the difference between the ambient tem- 
perature and the set temperature. Accordingly, in this 
example, the temperature of the semiconductor laser 

40 101 is set at the ambient temperature at the initial set- 
ting as described above. This greatly reduces the heat 
absorption capacity of the electronic cooling element 
111, and thus provides a large practical effect. 

There may arise a difference between the tempera- 

45 ture of the semiconductor laser 101 and the ambient 
temperature due to a wavelength variation or a variation 
of the ambient temperature. This increases the heat 
absorption capacity of the electronic cooling element 
111 . in such a case, in this example, the initial setting is 

so repeated, to reset the temperature of the semiconductor 
laser 1 01 at the ambient temperature to reduce the heat 
absorption capacity of the electronic cooling element 
111. 

55 (Example 14) 

Figure 22 is a block diagram showing an oscillation 
wavelength stabilizer of this example for a DBR semi- 
conductor laser using an electronic cooling element. In 
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this example, a method for compensating a phase 
change caused by the variation of the operating temper- 
ature using the DBR current will be described. 

As in Example 13, the oscillation wavelength stabi- 
lizer of this example includes a semiconductor laser 1 01 s 
having an active region 102 and a DBR region 103, a 
wavemeter 105 for detecting the oscillation wavelength, 
and an electronic cooling element 1 1 1 for controlling the 
temperature of the semiconductor laser 101 . The oscil- 
lation wavelength stabilizer also includes four circuit 10 
systems for controlling these parts: that is, a laser driv- 
ing section 107 for controlling a current supplied to the 
active region 102 of the semiconductor laser 101; a 
DBR control section 108 for controlling a DBR current 
supplied to the DBR region 103 of the semiconductor 75 
laser 101 to adjust the oscillation wavelength to a 
desired wavelength; a wavelength detection section 1 09 
for detecting the wavelength of laser light; and a Peltier 
control section 1 1 2 for controlling the temperature of the 
semiconductor laser 101. The oscillation wavelength 20 
stabilizer further includes a system control section 106 
for controlling the four circuit systems 107 to 109 and 
112. 

As the initial setting, as in Example 13, a current is 
supplied to the active region 1 02 under the control of the 25 
laser driving section 107 (Loop I), the temperature of the 
semiconductor laser 101 is set at the ambient tempera- 
ture by the Peltier control section 112 (Loop II), and the 
oscillation wavelength is adjusted to a value near a set 
wavelength by the DBR control section 108 (Loop III). so 
As described in Example 13, continuous wavelength 
variation in the wavelength range of about 1 nm is pos- 
sible by varying the temperature. However, mode hop- 
ping occurs when the wavelength variation exceeds the 
wavelength range as shown in Figure 21. This is 35 
because there exits a minute displacement between the 
DBR wavelength obtained by optical feedback by the 
DBR region 103 and the shift amount for the tempera- 
ture in the Fabry-Perot mode corresponding to the cav- 
ity length defined by the effective DBR length. In this 40 
example, the DBR current supplied to the DBR region is 
adjusted to compensate for this displacement (Loop IV). 

Figure 23 shows the relationship between the oper- 
ating temperature and the mode-hopping DBR current 
(i.e., the level of the DBR current at which the mode- 45 
hopping occurs). When the operating temperature var- 
ies, the DBR current at the mode hopping which occurs 
due to a variation of an operating current increases. It is 
therefore possible to compensate the phase change by 
increasing the DBR current as the operating tempera- so 
ture rises. The phase change can be compensated by 
increasing the DBR current by about 3 mA for each rise 
in the operating temperature of 10°C. As a result, con- 
tinuous wavelength variation in the wavelength range of 
1 nm or more is realized. ss 

Phase changes caused by various factors can be 
compensated by adjusting the DBR current as in this 
example. Therefore, the continuous wavelength varia- 
tion using the temperature variation can be realized in a 
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wide wavelength range. This provides a large practical 
effect. 

(Example 15) 

Figure 24 is a block diagram showing an oscillation 
wavelength stabilizer of this example for a DBR semi- 
conductor laser using an electronic cooling element. In 
this example, a method for compensating a phase 
change caused by the variation of the operating current 
using the DBR current will be described. 

As in Example 13, the oscillation wavelength stabi- 
lizer of this example includes a semiconductor laser 101 
having an active region 102 and a DBR region 103, a 
wavemeter 105 for detecting the oscillation wavelength, 
a temperature sensor 1 1 6 for detecting the temperature 
of the semiconductor laser 101 , and an electronic cool- 
ing element 111 for controlling the temperature of the 
semiconductor laser 101. The oscillation wavelength 
stabilizer also includes four circuit systems for control- 
ling these parts: that is, a laser driving section 107 for 
controlling a current supplied to the active region 102 of 
the semiconductor laser 101 ; a DBR control section 108 
for controlling a DBR current supplied to the DBR region 
1 03 of the semiconductor laser 1 01 to adjust the oscilla- 
tion wavelength to a desired wavelength; a wavelength 
detection section 109 for detecting the wavelength of 
laser light; and a Peltier control section 112 for control- 
ling the temperature of the semiconductor laser 101. 
The oscillation wavelength stabilizer further includes a 
system control section 106 for controlling the four circuit 
systems 107 to 109 and 112. 

In this example, the oscillation wavelength is varied 
by adjusting the operating temperature of the semicon- 
ductor laser 101 using the electronic cooling element 
1 1 1 . In general, the output of a semiconductor laser 101 
varies as the operating temperature varies. Figure 25 
shows the relationship between the operating tempera- 
ture and the laser output. In order to vary the laser 
wavelength by about 1 nm, the operating temperature 
needs to be varied by about 15°C. The variation of the 
operating temperature of 15°C varies the laser output 
by about ±7.5%. 

In this example, the laser driving section 107 is con- 
trolled so that the laser output is fixed, and the phase 
change caused by this fixation of the laser output is 
compensated by varying the DBR current. 

A method for controlling the oscillation wavelength, 
a method for controlling the laser output, and a method 
for compensating the phase change by the DBR control 
section in this example according to the present inven- 
tion will now be described in detail. 

As the initial setting, as in Example 1 3, a set current 
is supplied to the active region 102 under the control of 
the laser driving section 1 07 (Loop I), the temperature of 
the semiconductor laser 101 is set at the ambient tem- 
perature by the Peltier control section 1 1 2 (Loop II), and 
the oscillation wavelength is adjusted to a value near a 
set wavelength by the DBR control section 108 (Loop 
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III). As described in Example 13, after the initial setting, 
the temperature of the semiconductor laser 101 is var- 
ied using the electronic cooling element 1 1 1 to vary the 
oscillation wavelength. 

Specifically, the oscillation wavelength is first s 
detected with the wavemeter 105, and a signal indicat- 
ing the difference between the oscillation wavelength 
and the set wavelength is output from the wavelength 
detection section 109. Then, a signal is input into the 
Peltier control section 112 to adjust the current to be to 
supplied to the electronic cooling element 111 so as to 
compensate the difference between the oscillation 
wavelength and the set wavelength. Thus, the oscilla- 
tion wavelength of laser light is controlled (Loop IV). 

These loops are repeated several times to match 75 
the wavelength of laser light with the set wavelength. 

The laser driving section 107 is then controlled to 
compensate the output variation caused by the temper- 
ature variation. Herein, the case where the set wave- 
length is varied so that the wavelength is continuously 20 
shifted by the Peltier control section 112 will be 
described. 

In order to shift the wavelength of the semiconduc- 
tor laser by 1 nm, the temperature of the semiconductor 
laser needs to be varied by about 1 5°C. At this time, the 25 
laser output varies by about 7.5%. In this example, the 
laser output is detected all the time by an output detec- 
tor 113. The current amount supplied to the active 
region 102 is controlled by the laser driving section 107, 
so as to compensate the difference between a signal 30 
obtained from the output detector 113 and a set output 
signal output from the system control section 106, thus 
allowing the laser output to be Kept fixed. 

When the temperature of the semiconductor laser 
101 is varied by about 15°C as in this example, the 35 
operating current to the active region needs to be varied 
by about 10% since the output varies by about 7.5%. 
Figure 26 shows the relationship between the operating 
current and the oscillation wavelength. As the operating 
current increases, the temperature of the active region 40 
rises, causing a phase change and thus mode hopping. 
The slope of the wavelength shift was 0.02 nm/10 mA. 
When the operating current is 150 mA, it needs to be 
varied by about 20 mA in order to keep the output fixed 
for a temperature variation of 1 5°C. This causes mode 45 
hopping as shown in Figure 26. 

In this example, the phase change generated by 
adjusting the operating current is compensated in the 
DBR region 103. The phase changes in the active 
region with the variation of the operating currant of 20 so 
mA (Al), shifting the Fabry-Perot mode by 0.04 nm. 
Thus, mode hopping can be avoided by varying the 
DBR current by about 2 mA (0.02 nm/0.21 nmxAl) by 
the DBR control section 108 (Loop V). The temperature 
of the semiconductor laser is adjusted again by the Pel- ss 
tier control section 112 to adjust the oscillation wave- 
length to the set wavelength. 

By repeating these loops several times, the adjust- 
ments to the set wavelength and the set output are 



accomplished. 

Thus, in this example, the output variation caused 
by the variation of the temperature of the semiconductor 
laser 101 is detected by the output detector 113, and 
the difference between the detected output and the set 
output is compensated. At this time, the laser driving 
section 107 and the DBR control section 108 are simul- 
taneously controlled, to keep the laser output fixed while 
avoiding mode hopping. This realizes continuous wave- 
length variation over a wide wavelength range while 
keeping the output fixed. Thus, a large practical effect is 
provided. 

(Example 16) 

Figure 27A is a block diagram showing an oscilla- 
tion wavelength stabilizer of this example for a DBR 
semiconductor laser having a phase region. Figure 27B 
is a flowchart showing a method for controlling the oscil- 
lation wavelength stabilizer. 

The oscillation wavelength stabilizer of this example 
includes a semiconductor laser 101 having an active 
region 102, a DBR region 103, and a phase region 114, 
a wavemeter 105 for detecting the oscillation wave- 
length, a temperature sensor 1 16 for detecting the tem- 
perature of the semiconductor laser 101 , and an output 
detector 1 13 for detecting the laser output The oscilla- 
tion wavelength stabilizer also includes four circuit sys- 
tems for controlling these parts: that is, a laser driving 
section 107 for supplying a current to the active region 
102 of the semiconductor laser 101 ; a DBR control sec- 
tion 108 for controlling a DBR current supplied to the 
DBR region 103 of the semiconductor laser 101 to 
adjust the oscillation wavelength to a desired wave- 
length; a wavelength detection section 109 for detecting 
the wavelength of laser light; and a phase control sec- 
tion 1 1 5 for controlling the current supplied to the phase 
region 114 (phase control current). The oscillation 
wavelength stabilizer further includes a system control 
section 1 06 for control I ing the four circuit systems 1 07 to 
109 and 115. 

A method for stabilizing the oscillation wavelength 
of the DBR semiconductor laser 101 having the phase 
region 114 in this example according to the present 
invention will be described in detail with reference to 
Figures 27A and 27B. 

As the initial setting, a signal is input into the laser 
driving section 1 07 from a system control section 1 06 to 
supply a current to the active region 1 02 so that the light 
intensity of the semiconductor laser 1 01 becomes a pre- 
determined value, i.e., 100 mW (Loop I). Then, the 
oscillation wavelength of laser light is detected with the 
wavemeter 105, and a signal indicating the detected 
result is output from the wavelength detection section 
1 09. A set wavelength is output from the system control 
section 106. A signal is input into the DBR driving sec- 
tion 108 to control the current supplied to the DBR 
region 103 so as to adjust the oscillation wavelength of 
laser light to compensate for the difference from the set 
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wavelength (Loop II). This adjustment is performed, as 
in Example 12, by varying the current supplied to the 
DBR region 103 between 0 mA and 100 mA (specifi- 
cally, by increasing from 0 mA to 100 mA) to scan the 
oscillation wavelength. The signal output from the wave- 5 
length detection section 109 is detected, and a current 
obtained when the wavelength of laser light is equal to 
the set wavelength is stored. Then, the current is low- 
ered to a value lower than the stored current by 10 mA. 
Thereafter, the stored current is supplied to the DBR 10 
region, and thus the oscillation wavelength of the laser 
light is adjusted to the set wavelength. 

In this example, continuous wavelength variation 
can be realized by using the phase region 114 after the 
above initial setting in the following manner. 15 

The oscillation wavelength of the DBR semiconduc- 
tor laser is varied by varying any of the following three 
factors: 

(1) current supplied to the DBR region (the DBR 20 
current); 

(2) operating temperature of the DBR semiconduc- 
tor laser; and 

(3) current supplied to the active region (the operat- 
ing current). 25 

More specifically, the phase in the cavity mode 
(Fabry-Perot mode) of the semiconductor laser changes 
by varying the wavelength with the variation of the DBR 
current (wavelength control), by varying the ambient 30 
temperature (temperature control), or varying the oper- 
ating current for controlling the laser output (output con- 
trol), thereby causing mode hopping. In this example, 
tide phase region 1 14 is used to realize the above con- 
trols without causing mode hopping. 35 

Figure 28 shows the relationship between the cur- 
rent supplied to the phase region 114 and the oscillation 
wavelength. The shift of the oscillation wavelength with 
the variation of the current supplied to the continuous 
wavelength variation region is 0.07 nm/10 mA. The shift 40 
of the oscillation wavelength with the variations of the 
DBR current and the operating current were 0.21 nm/10 
mA and 0.02 nm/10 mA, respectively. This indicates that 
a current three times the variation of the DBR current 
should be supplied to the phase region 114 for the 45 
wavelength control, while a current about one-third of 
the variation of the operating current should be supplied 
to the phase region 114 for the output control. For the 
temperature control, the current supplied to the phase 
region 114 should be reduced by about 5 mA for each so 
temperature rise of about 10°C. 

In consideration of the above, in this example, the 
variations of the ambient temperature, the operating 
current, and the DBR current are controlled by the laser 
driving section 107 and the DBR control section 108. ss 
Then, the sum of the phase changes generated by 
these controls are compensated by the phase control 
section 115. Thus, continuous wavelength variation is 
realized (Loop III). 



As described above, in this example, continuous 
wavelength variation is realized by forming the phase 
region 1 1 4 in the DBR semiconductor laser 1 01 , and the 
continuous wavelength variation with the output being 
kept fixed can be realized over a wide wavelength range 
by compensating the sum of the phase changes in the 
phase region 114. 

When the current supply to the phase region 114, 
as in this example, is performed at a fixed rate, a current 
of about 300 mA needs to be supplied to the phase 
region 114 in order to supply a DBR current of about 
100 mA to the DBR region 103 to vary the wavelength 
by about 2 nm. This, as a practical matters, requires 
large power consumption. In the phase region 114, the 
phase change is periodicly repeated when a current is 
supplied. 

Accordingly, when the oscillation wavelength stabi- 
lizer of this example is applied to an optical disk system 
and the like, the phase control current may be reset dur- 
ing the standby time of the system and the like to reduce 
the current. This largely reduces the power consump- 
tion. 

In Examples 12 to 16 above, The AIGaAs semicon- 
ductor laser was used. The same effect can be obtained 
by using other material systems, such as ll-VI group 
ZnS semiconductor lasers and lll-V group GaN semi- 
conductor lasers, incorporating the DBR region. 

(Stabilization of the output of a short-wavelength light 
source) 

In Examples 12 to 16 above, the method for adjust- 
ing the oscillation wavelength of the DBR semiconduc- 
tor laser to a set wavelength and the method for 
continuously varying the wavelength have been 
described. In the following examples, a method for 
adjusting the oscillation wavelength of the DBR semi- 
conductor laser to a phase-matching wavelength of a 
wavelength converting device for stabilizing the har- 
monic output of an SHG blue laser including the DBR 
semiconductor laser and the wavelength converting 
device will be described. 

(Example 17), 

Figure 29A is a block diagram of a harmonic output 
stabilizer of this example according to the present 
invention for adjusting the oscillation wavelength of a 
DBR semiconductor laser to a phase-matching wave- 
length of a wavelength converting device to stabilize the 
harmonic output. Figure 29B is a flowchart showing a 
method for controlling the harmonic output stabilizer of 
this example. 

Referring to Figures 29A and 29B, the harmonic 
output stabilizer of this example includes a semiconduc- 
tor laser 101 having an active region 102 and a DBR 
region 103, a wavelength converting device 117 having 
periodic domain inverted regions 118 and a waveguide 
119, and an output detector 121 for detecting the har- 
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monic output. The harmonic output stabilizer also 
includes three circuit systems for controlling these 
parts: that is, a laser driving section 107 for supplying a 
current to the active region 102 of the semiconductor 
laser 101; a DBR control section 108 for controlling a 5 
DBR current supplied to the DBR region 1 03 of the sem- 
iconductor laser 101 to adjust the oscillation wavelength 
to a desired wavelength; and an output detection sec- 
tion 122 for detecting the harmonic output. The har- 
monic output stabilizer further includes a system control 10 
section 106 for controlling the three circuit systems 107, 
108 and 122. 

The wavelength converting device 117 is a 
waveguide type wavelength converting device of the 
quasi-phase matching (QPM) method including an is 
LiTa0 3 crystal substrate. The phase shift between a 
fundamental wave and a harmonic is compensated by 
the periodic domain inverted regions 118, and thus high 
efficiency wavelength conversion is realized. The 
phase-matching wavelength is 851 nm, and the wave- 20 
length allowance is 0.13 nm. The periodic domain 
inverted regions 118 of the QPM-SHG device 117 are 
formed by instantaneous heat treatment. The 
waveguide 119 is formed by proton exchange using 
pyrophosphoric acid. 25 

Semiconductor laser light is coupled to the 
waveguide 1 1 9 of the wavelength converting device 117 
via a coupling lens (not shown). When the wavelength 
of the semiconductor laser 101 matches the phase- 
matching wavelength of the wavelength converting 30 
device 117, the laser light propagating through the 
waveguide 119 is converted into harmonic light. The 
oscillation wavelength of the DBR semiconductor laser 
used in this example is in the range of 850 to 852 nm, 
and the wavelength of the resultant harmonic light is 35 
425 nm (blue light). 

A method for adjusting the wavelength of laser light 
within the allowance of the phase-matching wavelength 
of the wavelength converting device 1 17 to stabilize the 
harmonic output in this example according to the 40 
present invention will now be described in detail. 

In order to stabilize the harmonic output, it is impor- 
tant to stably control the wavelength of the semiconduc- 
tor laser 101 within the allowance of the phase- 
matching wavelength of the wavelength converting 45 
device 117. For that purpose, a signal is first input into 
the laser driving section 107 from a system control sec- 
tion 106 to supply a current to the active region 102 so 
that the light intensity of the semiconductor laser 101 
becomes a set value, i.e., 100 mW. Then, the harmonic so 
output obtained by the wavelength conversion is 
detected by the output detector 121 . An Si-PIN photodi- 
ode is used as the output detector 121 . 

As shown in Figure 19, the oscillation wavelength 
shifts toward the longer wavelength in a manner of ss 
repeated mode hopping when the DBR current 
increases. The oscillation wavelength for a particular 
current level when the DBR current is increased is dif- 
ferent from that when it is decreased, exhibiting the hys- 



teretic characteristic. In this example, the following 
technique is adopted to avoid the hysteretic characteris- 
tic and thus control the wavelength of the DBR laser 1 01 
within the allowance of the phase-matching wavelength 
of the wavelength converting device 117. 

First, the DBR current is varied between 0 mA and 
100 mA (specifically, increased from 0 mA to 100 mA) to 
scan the oscillation wavelength. The signal output from 
the output detector 121 is detected, and a current 
obtained when the harmonic output is at its peak is 
stored in the system control section 106. In this exam- 
ple, the maximum blue light output of 2 mW can typically 
be obtained when the DBR current is 50 mA. Then, the 
DBR current is lowered from 100 mA to a value lower 
than the stored DBR current by 10 mA, i.e., 40 mA. 
Thereafter, the DBR current is again increased up to the 
stored DBR current (50 mA), and the oscillation wave- 
length of the laser light is adjusted to the phase-match- 
ing wavelength, i.e., 851 nm, of the wavelength 
converting device. Long-term output stability is thus 
ensured by repeating the above control when the har- 
monic output decreases. 

Thus, in this example, at the adjustment of the 
wavelength of laser light to a set wavelength, the DBR 
current is first increased to detect and store a certain 
current level corresponding to the set wavelength, and 
then decreased to be set at a value lower than the 
stored current corresponding to the set wavelength, and 
further increased to be fixed at the stored DBR current. 
This makes it possible to avoid the hysteretic character- 
istic possessed by the semiconductor laser having the 
DBR region at the tuning, thereby allowing the wave- 
length of the semiconductor laser to be correctly 
adjusted to the phase-matching wavelength of the 
wavelength converting device. Thus, a stable harmonic 
output is realized. Alternatively, the DBR current may be 
first decreased to detect and store the certain current 
level corresponding to the set wavelength, then 
increased beyond the stored certain level, and again 
decreased to be set at the stored level. 

In particular, this method is practically effective in 
the case of the short-wavelength light source including 
the QPM-SHG device and the DBR semiconductor 
laser, where the allowance of the phase-matching 
wavelength of the QPM-SHG device is as narrow as 0.1 
nm. A wavelength variation of 0. 1 nm due to the hyster- 
etic characteristic will otherwise cause a serious prob- 
lem. Thus, a method according to the present invention 
in which the DBR current is once set at a level lower 
than the level corresponding to the set wavelength, 
which has been detected during a first increasing step, 
and then fixed at the desired level to be obtain the set 
wavelength, has significant advantages in practical use. 

(Example 18) 

Figure 30 is a block diagram of a harmonic output 
stabilizer of this example according to the present 
invention for an SHG blue laser using an electronic cool- 
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ing element 111. 

In the harmonic output stabilizer of Example 1 7, the 
oscillation wavelength of the semiconductor laser can 
be fixed within the phase-matching wavelength allow- 
ance. However, the wavelength variation with the varia- 
tion of the DBR current is discontinuous every 0.1 nm, 
and the wavelength allowance of the QPM-SHG device 
is as narrow as about 0.1 nm. Accordingly, it is difficult 
to fix the oscillation wavelength at the center of the 
allowance of the phase-matching wavelength where the 
maximum conversion efficiency is obtainable. In this 
example, the oscillation wavelength is varied with the 
temperature variation, which can realize the wavelength 
conversion with higher efficiency. 

Referring to Figure 30, the harmonic output stabi- 
lizer of this example includes a semiconductor laser 1 01 
having an active region 102 and a DBR region 103, a 
wavelength converting device 117 having periodic 
domain inverted regions 118 and a waveguide 119, an 
output detector 121 for detecting the harmonic output, a 
temperature sensor 1 1 6 lor detecting the temperature of 
the semiconductor laser 101, and an electronic cooling 
element 1 1 1 for controlling the temperature of the sem- 
iconductor laser 101. The harmonic output stabilizer 
also includes four circuit systems for controlling these 
parts: that is, a laser driving section 107 for applying a 
current to the active region 102 of the semiconductor 
laser 101; a DBR control section 108 for controlling a 
DBR current supplied to the DBR region 1 03 of the sem- 
iconductor laser 101 to adjust the oscillation wavelength 
to a desired wavelength; an output detection section 
1 22 for detecting the harmonic output; and a Pettier con- 
trol section 112 for controlling the temperature of the 
semiconductor laser 101. The harmonic output stabi- 
lizer further includes a system control section 106 for 
controlling the four circuit systems 107, 108, 112 and 
122. In this example, as in example 17, a QPM-SHG 
device including an LiTa0 3 substrate is used as the 
wavelength converting device 117. 

A method for adjusting the wavelength of laser light 
within the allowance of the phase-matching wavelength 
of the wavelength converting device 1 1 7 to stabilize the 
harmonic output in this example according to the 
present invention will now be described in detail. 

In order to stabilize the harmonic output, it is impor- 
tant to stably control the wavelength of the semiconduc- 
tor laser 101 within the allowance of the phase- 
matching wavelength of the wavelength converting 
device 117. As the initial setting, as in Example 17, the 
oscillation wavelength is fixed at or around the phase- 
matching wavelength of the wavelength converting 
device 117. Specifically, a signal is first input into the 
laser driving section 107 from a system control section 
1 06 to supply a current to an active region 1 02 and con- 
trol the current to be 150 mA, so that the light intensity 
of the semiconductor laser 101 becomes a set value, 
i.e., 100 mW (Loop I). Then, the ambient temperature 
(20°C) is detected with the temperature sensor 116, and 
a signal is input into the Peltier control section 112 from 



the system control section 1 06 to adjust the current sup- 
plied to the electronic cooling element 111 so that the 
temperature of the semiconductor laser 101 is 20°C 
(Loop II). Thereafter, as in Example 17, a signal is input 

5 into the DBR control section 108 from the system con- 
trol section 106 to control the current supplied to the 
DBR region 103 so that the oscillation wavelength of 
laser light is fixed within the allowance of the phase- 
matching wavelength, while the harmonic output is 

w detected by the output detector 121 (Loop III). Thus, the 
initial setting is completed. 

The phase-matching wavelength of the QPM-SHG 
device is 851.05 nm. In this initial setting, the wave- 
length of the DBR semiconductor laser is typically fixed 

75 at 851 nm. In the wavelength variation using the varia- 
tion of the DBR current having the mode intervals of 0.1 
nm, it is not possible to adjust the wavelength to 851 .05 
nm. In this example, however, the wavelength of the 
DBR semiconductor laser 101 can be finely adjusted to 

20 the phase-matching wavelength by using the tempera- 
ture variation. 

As shown in Figure 21 , in the case of the DBR sem- 
iconductor laser, the oscillation wavelength continu- 
ously shifts toward the longer wavelength as the 

25 temperature rises by 0.07 nmAC. On the other hand, 
the phase-matching wavelength of the QPM-SHG 
device shifts toward the longer wavelength by 0.035 
nm/°C. In this example, therefore, after the above initial 
setting, the temperature of the semiconductor laser 101 

30 is varied using the electronic cooling element 111, to 
vary the oscillation wavelength. 

Specifically, the harmonic output is first detected by 
the output detector 121, and a signal indicating the 
detected result is output from the output detection sec- 

35 tion 122 to be stored in the system control section 106 
as an initial value (Pq). Then, the temperature at the ini- 
tial setting is increased by about 20.5°C. A signal is 
input into the Peltier control section 112, to adjust the 
current to be supplied to the electronic cooling element 

40 111 and thus vary the oscillation wavelength of laser 
light (Loop IV). The harmonic output at this time is 
detected by the output detector 121, and a signal (P-i) 
indicating the detected result is output from the output 
detection section 122 to the system control section 106. 

45 If P-j > P 0 , loop IV is repeated, increasing the set tem- 
perature by 21 °C, and the resultant harmonic output 
(P 2 ) is detected. rf P 2 < Pi, the set temperature is low- 
ered by about 20°C (Loop V). 

In this example, by repeating loops III and V, the 

so harmonic output is typically stably fixed at a peak output 
(about 2.3 mW) at about 22°C. Long-term harmonic out- 
put stability is realized by constantly repeating the con- 
trol of loop V. 

The method for stabilizing the harmonic output by 

55 temperature control as in this example realizes continu- 
ous variation of the wavelength of the semiconductor 
laser. Accordingly, the peak of the harmonic output can 
be detected, which is not possible by the method using 
only the variation of the DBR currant. Blue light output 
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higher than that obtained in Example 17 by about 10% 
can be obtained. This has, therefore, a large practical 
effect. In particular, in the case of the short-wave-length 
light source including the QPM-SHG device and the 
DBR semiconductor laser, where the allowance of the 5 
phase-matching wavelength of the QPM-SHG device is 
as narrow as about 0.1 nm, continuous wavelength var- 
iation is indispensable. Therefore, the method for stabi- 
lizing the harmonic output by temperature control in this 
example provides a large practical effect. 70 

The heat absorption capacity of the electronic cool- 
ing element 111 is influential when the wavelength of 
the semiconductor laser 101 is varied using the elec- 
tronic cooling element 111. In this example, the temper- 
ature of the semiconductor laser 101 is set at the 15 
ambient temperature at the initial setting as described 
above. This greatly reduces the heat absorption capac- 
ity of the electronic cooling element 111 and thus pro- 
vides a large practical effect. 

A temperature difference may arise between the 20 
temperature of the semiconductor laser 101 and the 
ambient temperature due to a wavelength variation or a 
variation of the ambient temperature, increasing the 
heat absorption capacity of the electronic cooling ele- 
ment 1 1 1 . In such a case, in this example, the initial set- 25 
ting is repeated to reset the temperature of the 
semiconductor laser 101 at the ambient temperature 
and reduce the heat absorption capacity of the elec- 
tronic cooling element 111. 

30 

(Example 19) 

Figure 31 is a block diagram of a harmonic output 
stabilizer of this example according to the present 
invention for an SHG blue laser using an electronic cool- 35 
ing element. 

The harmonic output stabilizer of this example 
includes a semiconductor laser 101 having an active 
region 102 and a DBR region 103, a wavelength con- 
verting device 117 having periodic domain inverted 40 
regions 118 and a waveguide 119, an output detector 
121 for detecting the harmonic output, and a tempera- 
ture sensor 116 for detecting the temperature of the 
semiconductor laser 101. The harmonic output stabi- 
lizer also included four circuit systems for controlling 45 
these parts: that is, a laser driving section 107 for sup- 
plying a current to the active region 1 02 of the semicon- 
ductor laser 101; a DBR control section 108 for 
controlling a DBR current supplied to the DBR region 
103 of the semiconductor laser 101 to adjust the oscilla- so 
tion wavelength to a desired wavelength; an output 
detection section 122 for detecting the harmonic output; 
and a Peltier control section 112 for controlling the tem- 
perature of the semiconductor laser 101 . The harmonic 
output stabilizer further includes a system control sec- ss 
tion 106 for controlling the four circuit systems 107, 108, 
112 and 1 22. In this example, as in example 1 7, a QPM- 
SHG device is used as the wavelength converting 
device 117. 



As the initial setting, as in Example 17, the oscilla- 
tion wavelength is fixed at and around the phase-match- 
ing wavelength of the wavelength converting device, 
and a blue light output of 2 mW can be typically 
obtained. A current is supplied to an active region 102 
under the control of the laser driving section 107 (Loop 
I). The temperature of the semiconductor laser 101 is 
set at the ambient temperature (20°C) by the Peltier 
control section 112 (LOOP II). The oscillation wave- 
length is adjusted at or around the set wavelength by 
the DBR control section 108 (Loop III). 

As described in Example 13, continuous wave- 
length variation is possible in the wavelength range of 
about 1 nm when using temperature variation. However, 
mode hopping occurs when the wavelength variation 
exceeds this wavelength range, as shown in Figure 21. 
This is because there exits a minute displacement 
between the DBR wavelength obtained by light feed- 
back by the DBR region 1 03 and the shift amount for the 
temperature in the Fabry-Perot mode corresponding to 
the cavity length defined by the effective DBR length. In 
this example, the current supplied to the DBR region 
103 is also adjusted to compensate this displacement 
(Loop IV). 

The relationship between the variation of the oper- 
ating temperature and the mode-hopping DBR current 
has been already described with reference to Figure 23. 
When the operating temperature varies, the mode-hop- 
ping DBR current, at which the mode hopping occurs 
due to the variation of an operating current, decreases. 
It is therefore possible to compensate the phase change 
by decreasing the DBR current as the operating temper- 
ature rises. The phase change can be compensated by 
decreasing the DBR current by about 1.5 mA for each 
rise in the operating temperature of 10°C. As a result, 
continuous wavelength variation in the wavelength 
range of 1 nm or more was realized. 

Phase changes caused by various factors can be 
compensated by adjusting the DBR current as in this 
example. Therefore, continuous wavelength variation 
over a wide wavelength range and thus a stable har- 
monic output can be realized. In particular, in the case 
of the short-wavelength light source including the QPM- 
SHG device and the DBR semiconductor laser, where 
the allowance of the phase-matching wavelength of the 
QPM-SHG device is as narrow as 0.1 nm, continuous 
wavelength variation is indispensable. The wavelength 
variation using the temperature variation is particularly 
advantageous for the above case. Since continuous 
wavelength variation characteristics can be obtained in 
a wide wavelength range by compensating the phase 
change due to the temperature variation by the DBR 
current, a stable short-wavelength light source is real- 
ized. 

(Example 20) 

Figure 32 is a block diagram of a harmonic output 
stabilizer of this example according to the present 
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invention for an SHG blue laser using an electronic cool- 
ing element 111. 

The harmonic output stabilizer of this example 
includes a semiconductor laser 101 having an active 
region 102 and a DBR region 103, a wavelength con- s 
verting device 117 having periodic domain inverted 
regions 118 and a waveguide 119, an output detector 
121 for detecting the harmonic output, a temperature 
sensor 116 for detecting the temperature of the semi- 
conductor laser 101 , and an electronic cooling element 10 
111 for controlling the temperature of the semiconduc- 
tor laser 101. The harmonic output stabilizer also 
includes four circuit systems for controlling these parts; 
that is, a laser driving section 107 for supplying a cur- 
rent to the active region 1 02 of the semiconductor laser is 
101; a DBR control section 108 for controlling a DBR 
current supplied to the DBR region 103 of the semicon- 
ductor laser 101 to adjust the oscillation wavelength to a 
desired wavelength; an output detection section 122 for 
detecting the harmonic output; and a Peltier control sec- 20 
tion 1 1 2 for controlling the temperature of the semicon- 
ductor laser 101 . The harmonic output stabilizer further 
includes a system control section 106 for controlling the 
four circuit systems 107, 108, 112 and 122. In this 
example, as in example 1 7, a QPM-SHG device is used 25 
as the wavelength converting device 117. 

In this example, the oscillation wavelength of the 
semiconductor laser 101 is adjusted to the phase- 
matching wavelength of the wavelength converting 
device by adjusting the operating temperature of the so 
semiconductor laser 101 using the electronic cooling 
element 1 1 1 . In general, the laser output varies with the 
variation of the operating temperature. 

As described previously with reference to Figure 
25, the operating temperature needs to be varied by 35 
about 15°C to vary the laser wavelength by about 1 nm. 
When the operating temperature varies by about 15°C, 
the laser output varies by approximately ±7.5%. In this 
example, the laser driving section 107 is controlled so 
as to obtain a fixed laser output, and the phase change 40 
generated by this control is compensated in the DBR 
region 103. 

A method for controlling the oscillation wavelength, 
controlling the laser output, and compensating the 
phase change by the DBR control section in this exam- 45 
pie will now be described in detail. 

As the initial setting, as in Example 17, the oscilla- 
tion wavelength is fixed at or around the phase-match- 
ing wavelength of the wavelength converting device. A 
set current (150 mA) is supplied to an active region 102 so 
under the control of the laser driving section 107 (Loop 
I). The temperature of the semiconductor laser 101 is 
set at the ambient temperature (20°C) by the Peltier 
control section 112 (Loop II). The oscillation wavelength 
is adjusted to or around the set wavelength by the DBR ss 
control section 108 (Loop III). As described in Example 
13, after the initial setting, the temperature of the semi- 
conductor laser 101 is varied using the electronic cool- 
ing element 111 to control the oscillation wavelength 



(Loop IV). 

By repeating these loops several times, the har- 
monic output is adjusted to the peak output. 

Thereafter, the laser driving section 107 is control- 
led to compensate the output variation caused by the 
temperature variation. Herein, the case where the set 
wavelength is varied to continuously shift the wave- 
length by the Peltier control section 112 will be 
described. 

In order to shift the wavelength of the semiconduc- 
tor laser by 1 nm, the temperature of the semiconductor 
laser needs to be varied by about 15°C. At this time, the 
laser output varies by about 7.5%. In this example, the 
laser output is continuously detected by an output 
detector 113. The current amount supplied to the active 
region 102 is controlled by the laser driving section 107 
so as to compensate the difference between a signal 
obtained from the output detector 113 and a set output 
signal output from the system control section 106, thus 
allowing the laser output to be kept fixed. 

When the temperature of the semiconductor laser 
101 is varied by about 15°C as in this example, the 
operating current to the active region 102 needs to be 
varied by about 10% since the output is reduced by 
about 7.5%. As shown in Figure 26, as the operating 
current increases, the temperature of the active region 
rises, causing a phase change and thus mode hopping. 
The slope of the wavelength shift is typically 0.02 nm/10 
mA. When the operating current is 150 mA, it needs to 
be varied to 20 mA in order to keep the output fixed for 
the temperature variation of 15°C. This causes mode 
hopping as shown in Figure 26. 

In this example, the phase change generated by 
adjusting the operating current is compensated by vary- 
ing the DBR current. The phase changes in the active 
region with the variation of the operating current (Al) of 
20 mA, thereby shifting the Fabry-Perot mode by 0.04 
nm. Thus, mode hopping can be avoided by varying the 
DBR current by about 2 mA (0.02 nm/0.21 nmxAl) by 
the DBR control section 108 (Loop V). The temperature 
of the semiconductor laser is adjusted again by the Pel- 
tier control section 1 1 2 to obtain the peak harmonic out- 
put. 

By repeating these loops several times, the har- 
monic output is stabilized at a fixed value. 

Thus, in this example, the output variation caused 
by the variation of the temperature of the semiconductor 
laser 101 is detected by the output detector 113, and 
the difference between the detected output and the set 
output signal is compensated. At this time, the laser 
driving section 107 and the DBR control section 108 are 
simultaneously controlled to keep the laser output fixed 
while avoiding mode hopping. This realizes continuous 
wavelength variation over a wide wavelength range 
while keeping the output fixed. Thus, a stable harmonic 
output is realized. 
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(Example 21) 

Figure 33 is a block diagram of a harmonic output 
stabilizer of this example according to the present 
invention for an SHG blue laser using an electronic cool- 
ing element 111. 

The harmonic output stabilizer of this example 
includes a semiconductor laser 101 having an active 
region 102, a DBR region 103, and a phase region 114, 
a wavelength converting device 117 having periodic 
domain inverted regions 118 and a waveguide 119, an 
output detector 1 21 for detecting the harmonic output, a 
temperature sensor 1 1 6 for detecting the temperature of 
the semiconductor laser 101, and an output detector 
113 for detecting the laser output. The harmonic output 
stabilizer also includes four circuit systems for control- 
ling these parts: that is, a laser driving section 107 for 
supplying a current to the active region 102 of the sem- 
iconductor laser 1 01 ; a DBR control section 1 08 for con- 
trolling a DBR current supplied to the DBR region 103 of 
the semiconductor laser 101 to adjust the oscillation 
wavelength to a desired wavelength; an output detec- 
tion section 122 for detecting the harmonic output; and 
a phase control section 1 15 for controlling a phase con- 
trol current supplied to the phase region 114. The har- 
monic output stabilizer further includes a system control 
section 106 for controlling the four circuit systems 107, 
108, 115 and 122. In this example, as in example 17, a 
QPM-SHG device is used as the wavelength converting 
device 117. 

A method for adjusting the wavelength of laser light 
within the allowance of the phase-matching wavelength 
of the wavelength converting device to stabilize the har- 
monic output in this example according to the present 
invention will now be described in detail. 

As the initial setting, as in Example 17, the oscilla- 
tion wavelength is fixed at or around the phase-match- 
ing wavelength of the wavelength converting device. 
First, a signal is input into the laser driving section 107 
from a system control section 106 to supply a current to 
the active region 102 so that the light intensity of the 
semiconductor laser 101 becomes a set value, i.e., 100 
mW (Loop I). Then, the harmonic output is detected by 
an output detector 121, and a signal indicating the 
detected result is output from the output detection sec- 
tion 122. The DBR current at which the harmonic output 
is at its peak is stored in the system control section 106, 
the stored DBR current is supplied to the DBR region, 
and thus the oscillation wavelength of the laser light is 
adjusted to the phase-matching wavelength of the 
wavelength converting device, (Loop II). 

In this example, continuous wavelength variation 
can be realized by using the phase region 114 after the 
above initial setting in the following manner. 

The oscillation wavelength of the DBR semiconduc- 
tor laser is varied by varying any of the following three 
factors: 

(1) current supplied to the DBR region (the DBR 



current); 

(2) operating temperature of the DBR semiconduc- 
tor laser; and 

(3) current supplied to the active region (the operat- 
5 ing current). 

More specifically, the phase in the cavity mode 
(Fabry-Perot mode) of the semiconductor laser changes 
by varying the wavelength with the variation of the DBR 

w current (wavelength control), by varying the ambient 
temperature (temperature control), or varying the oper- 
ating current for controlling the laser output (output con- 
trol), causing mode hopping. In this example, the phase 
region 114 is used to realize the above controls without 

75 causing mode hopping. 

As described previously with reference to Figure 
28, the shift of the oscillation wavelength with the varia- 
tion of the current supplied to the continuous wave- 
length variation portion is 0.07 nm/10 mA The shifts of 

20 the oscillation wavelength with the variations of the DBR 
current and the operating current were 0.21 nm/10 mA 
and 0.02 nm/10 mA, respectively. This indicates that a 
current three times the variation of the DBR currant 
should be supplied to the phase region 114 for the 

25 wavelength control, while a current about one-third of 
the variation of the operating current should be supplied 
to the phase region 114 for the output control. For the 
temperature control, the current supplied to the phase 
region 114 should be reduced by 5 mA for each temper- 

30 ature rise of 10°C. 

In consideration of the above, in this example, the 
variations of the ambient temperature, the operating 
current, and the DBR current are controlled by the laser 
driving section 107 and the DBR control section 108. 

35 Then, the sum of the phase changes generated by 
these controls are compensated by the phase control 
section 115. Thus, continuous wavelength variation is 
realized. 

In this example, continuous wavelength variation is 
40 realized by using the phase region for the shift of the 
phase-matching wavelength caused by the ambient 
temperature variation and the like. By this continuous 
wavelength variation, the harmonic output is controlled 
to be fixed at its peak, tn particular, continuous wave- 
45 length variation is indispensable in the cage of the 
short-wavelength light source including the QPM-SHG 
device and the DBR semiconductor laser, where the 
allowance of the phase-matching wavelength of the 
QPM-SHG device is as narrow as 0.1 nm. The method 
so for stabilizing the harmonic output using the phase con- 
trol section of this example, therefore, has a large prac- 
tical effect. 

In Examples 17 to 21 above, the waveguide type 
wavelength converting device of the quasi-phase 
55 matching system is used as the wavelength converting 
device. The same effect can also be obtained by using 
a bulk type wavelength converting device of the quasi- 
phase matching system or a wavelength converting 
device of a phase matching system utilizing birefrin- 
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gence. 

(Example 22) 

A light source used for an optical disk system s 
requires long-term output stability. When a short-wave- 
length light source including a DBR semiconductor laser 
and a wavelength converting device is used for an opti- 
cal disk system, the long-term output stability is a prob- 
lem to be overcome. In order to overcome this problem, w 
the short-wavelength light source needs to be controlled 
so that the wavelength of the semiconductor laser 
matches with the phase-matching wavelength of the 
wavelength converting device. 

In Examples 18 to 21 above, the wavelength of the is 
semiconductor laser is continuously varied to stabilize 
the harmonic output. However, the electronic cooling 
element and the like fail to respond to an abrupt change 
of the ambient temperature and the like, thereby caus- 
ing output variation. In the short-wavelength light source 20 
having the harmonic output stabilizer of Example 17, 
where the wavelength variation in the DBR region is dis- 
continuous, a large output variation occurs when the 
harmonic output is adjusted. Another problem is that 
power consumption increases since a large current is 25 
required for the electronic cooling element and the 
phase region. 

In this example, a method for providing stable disk 
reproduction characteristics when the short-wavelength 
light source is applied to an optical disk will be 30 
described. In this method, the stabilization of the har- 
monic output, the current resetting for the electronic 
cooling element or the phase region is performed during 
the system operation standby period. Alternatively, the 
stabilization of the harmonic output, the current reset- 35 
ting for the electronic cooling element or the phase 
region is performed after the read-out information is 
stored once in a memory or the like. 

Figures 36A and 36B show the operation status of 
a recordable/reproducible optical disk system. 40 

As shown in Figure 36A, when used for a computer, 
an optical disk system is not always busy in exchanging 
information with the computer, but operates only when 
reproduction (read-out) and recording (writing) are per- 
formed. Accordingly, stable recording and reproduction 45 
characteristics can be realized by stabilizing the har- 
monic output during the system standby period when 
reproduction and recording are not performed as shown 
in Figure 36A. The stabilization of the harmonic output 
is performed by the methods described in the above so 
examples, and again are described below: 

When the wavelength variation is performed only in 
the DBR region; the wavelength of the semiconductor 
laser is fixed at the phase-matching wavelength of the 
wavelength converting device by varying the DBR cur- ss 
rent in the same direction as in the detection phase so 
as to avoid the hysteretic characteristic as described in 
Example 17. Thus, a stable harmonic output is 
obtained. 



When the wavelength variation is performed using 
the electronic cooling element; continuous wavelength 
variation is performed using the electronic cooling ele- 
ment as described in Example 18. When the phase- 
matching wavelength of the wavelength converting 
device is shifted due to some reason, increasing the 
wavelength variation allowance, a difference arises 
between the ambient temperature and the temperature 
of the short-wavelength light source. This increases the 
heat absorption capacity of the electronic cooling ele- 
ment and thus the power consumption. In order to 
reduce the power consumption, the temperature of the 
short-wavelength light source is reset at the ambient 
temperature and the DBR current is readjusted during 
the system standby period, to fix the wavelength of the 
semiconductor laser at the phase-matching wavelength. 

When the wavelength variation is performed using 
the phase region and the DBR region; as the wave- 
length variation allowance becomes wide, the current 
supplied to the phase region increases, as in the case of 
using the electronic cooling element. To overcome this 
problem and reduce the power consumption, the cur- 
rent to the phase region is reset and the wavelength of 
the semiconductor laser is readjusted to the phase- 
matching wavelength. 

On the other hand, as shown in Figure 36B, when 
an optical disk storing movies and other software of this 
type is reproduced, the reproduction lasts two consecu- 
tive hours or so. It is therefore required to keep the out- 
put stable for over two hours. To achieve this, in this 
example, reproduced disk information is stored in a 
memory or the like, and the stored information is 
retrieved as an image at the time of the stabilization of 
the harmonic output. Thus, invariably stable reproduc- 
tion characteristics can be realized. 

Figure 37 shows the configuration of a video repro- 
duction system. A semiconductor memory is normally 
used for a memory 134. In this example, a DRAM (ran- 
dom access memory) and a flash memory are used. 
Information in an optical disk 132 reproduced by use of 
an optical pickup 131 is sent to the memory 134 at a 
transfer rate R1. The information is then sent to a dis- 
play 135 at a transfer rate R2. If R1 > R2, the memory 
134 gradually accumulates reproduced information 
from the optical disk 132. When the memory 134 is full 
of information, the information in the memory 134 is 
transferred to the display 135, during which the stabili- 
zation of the harmonic output is performed by a stabili- 
zation control circuit 133. Upon the completion of the 
stabilization control, the memory 134 again accumu- 
lates information. 

By repeating this procedure, long-term stable 
reproduction characteristics are realized. 

The semiconductor laser having the DBR region is 
useful for a variety of applications since the oscillation 
wavelength thereof can be varied to a desired wave- 
length. In particular, the DBR semiconductor laser has a 
large effect when used for the SHG laser composed of 
the wavelength converting device such as the QPM- 
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SHG device and the semiconductor laser, where the 
oscillation wavelength of the semiconductor laser needs 
to be fixed within the allowance of the phase-matching 
wavelength of the wavelength converting device. 

As described above, the oscillation wavelength of 
the DBR semiconductor laser can be varied by methods 
including: (1) supplying a current to the DBR region, and 
(2) varying the temperature of the entire semiconductor 
laser using the electronic cooling element and the like. 
In method (1), however, mode hopping and the hystere- 
tic wavelength variation characteristics are exhibited. In 
method (2), the capacity of the electronic cooling ele- 
ment and the like cause problems at the commercializa- 
tion. 

In order to overcome the problem in method (1), the 
wavelength variation is performed while increasing the 
DBR current to avoid the hysteretic characteristic and 
thus achieve stable wavelength variation. For an SHG 
blue laser, in particular, stable wavelength variation is 
indispensable for the stabilization of the harmonic (blue 
light) output since the allowance of the phase-matching 
wavelength is as narrow as about 0.1 nm. By using the 
above wavelength control, the phase-matching wave- 
length of the wavelength converting device can be 
detected without fail at the activation of the SHG blue 
laser, thereby realizing instantaneous activation of the 
laser. The practical effect thereof is therefore very large. 

The wavelength variation by temperature control is 
useful because it can be performed continuously. In par- 
ticular, in the SHG blue laser where the allowance of the 
phase-matching wavelength is as narrow as about 0.1 
nm, the wavelength needs to be finely controlled in 
order to stabilize the harmonic output. Since the SHG 
blue laser is used for optical disks, laser printers, and 
the like, reduction of power consumption is critical for 
the commercialization of the laser. The power consump- 
tion of the electronic cooling element is therefore a 
problem to be overcome for the wavelength variation by 
temperature control. The power consumption of the 
electronic cooling element increases as the difference 
between the ambient temperature and the control tem- 
perature increases. Thus, by setting the initial set tem- 
perature at the ambient temperature as in the present 
invention, continuous wavelength variation can be real- 
ized with reduced power consumption. 

Stable continuous wavelength variation by temper- 
ature control is difficult if the ambient temperature and 
the operating temperature vary. In this example, the 
DBR region is used not only for the wavelength variation 
but also for the compensation of a phase change to 
ensure stable continuous wavelength variation. Thus, a 
more reliable SHG blue laser with stabilized blue light 
output is realized. 

Semiconductor lasers having a phase control 
region have been proposed as the means for realizing 
continuous wavelength variation. However, stable con- 
tinuous wavelength variation is difficult if the ambient 
temperature and the operating temperature vary. In the 
DBR semiconductor laser, the wavelength varies in a 



certain proportion with the variations of the ambient 
temperature, the DBR current, the operating current, 
the phase control current, and the like. In this example, 
therefore, the phase change generated due to the vari- 

5 ations of the ambient temperature, the DBR current, 
and the operating current is determined as the sum of 
the respective phase change amounts, and the result- 
ant phase change is compensated by the phase control 
current. Thus, stable continuous wavelength variation is 

10 realized. Since this method requires no electronic cool- 
ing element, the power consumption is reduced. The 
SHG blue laser with reduced power consumption can 
be applied to portable optical disks, providing a large 
practical effect. 

75 Thus, according to the present invention, a plurality 
of substances, such as balls or fibers, having a same 
diameter, are interposed between the semiconductor 
laser chip and the ferroelectric crystal substrate func- 
tioning as an optical functional device such as the SHG 

20 device or the optical modulation device. With this 
arrangement, the optical coupling adjustment for cou- 
pling semiconductor laser light to the waveguide, espe- 
cially the adjustment in the length direction of the 
semiconductor laser chip and the ferroelectric crystal 

25 substrate is simplified, and a super-small light generator 
is realized. 

In the light generator according to the present 
invention where the semiconductor laser chip and the 
ferroelectric crystal substrate (the optical functioning 

30 device) having the waveguide formed thereon are fixed 
on the submount, the surface of the submount on which 
the semiconductor laser chip is fixed is perpendicular to 
the surface thereof on which the ferroelectric crystal 
substrate (the optical functioning device) having the 

35 waveguide formed thereon is formed. With this struc- 
ture, the optical adjustment (alignment adjustment) for 
introducing semiconductor laser light to the waveguide 
can be simplified, thereby realizing a super-small light 
generator. Especially, when the optical functional device 

40 such as the SHG device is formed on the z-cut crystal 
substrate, the optical coupling adjustment can be per- 
formed without using any half-wave plate. The effect of 
this structure is therefore extremely large. 

In the light generator according to the present 

45 invention where at least the semiconductor laser chip 
and the ferroelectric crystal substrate (the optical func- 
tioning device) having the waveguide formed thereon 
are fixed on the submount, the heat conductivity of the 
material of the portion of the submount on which the 

so semiconductor laser chip is mounted is made larger 
than that of the material of the portion thereof on which 
the ferroelectric crystal substrate is formed. With this 
arrangement, the conduction of heat generated in the 
semiconductor laser chip to the ferroelectric crystal sub- 

55 strate can be reduced, thereby preventing the charac- 
teristics of the optical functioning device formed on the 
ferroelectric crystal substrate from deteriorating. When 
a ceramic is used as the material for the submount, the 
heat conductivity and the linear expansion coefficient 



28 



55 



EP0 774 684A2 



56 



can be freely selected. Ceramics also have good proc- 
essability. Thus, the conduction of the heat from the 
semiconductor laser chip to the optical functional device 
can be reduced. 

Further, the crystal thin plate is interposed between s 
the portion of the submount on which the semiconduc- 
tor laser chip is mounted and the portion thereof on 
which the ferroelectric crystal substrate (the optical 
functional device) is formed. With this arrangement, a 
light generator where the alignment adjustment for opti- 10 
cal coupling is easily conducted and the heat radiation 
characteristic of the semiconductor laser is good can be 
realized. 

In the light generator according to the present 
invention where at least the semiconductor laser chip 15 
and the ferroelectric crystal substrate (the optical func- 
tional device) having the waveguide formed thereon are 
fixed on the submount, markings for alignment are 
formed on the semiconductor laser chip, the ferroelec- 
tric crystal substrate, and the submount. The surface of 20 
the submount opposite to the surface thereof where the 
semiconductor laser chip and the ferroelectric crystal 
substrate are formed is irradiated with light, which is 
allowed to pass through the submount, to identify the 
markings through their images. The identified markings 25 
are used for an alignment process, thereby resulting in 
an easier adjustment process. 

The semiconductor laser chip may be fixed at a 
desired position of the submount by allowing the semi- 
conductor laser chip to emit light by light excitation, by 30 
allowing external light to couple to the waveguide por- 
tion of the active layer of the semiconductor laser chip, 
or by pulse-driving the semiconductor laser chip. By 
these methods, the optical adjustment can be per- 
formed in a short period, while recognizing the light 35 
emitting portion, without deteriorating the semiconduc- 
tor laser chip. 

Furthermore, according to the oscillation wave- 
length stabilizer of the present invention including the 
semiconductor laser having the active region for obtain- 40 
ing a gain and the distributed Bragg-reflector (DBR) 
region for fixing the oscillation wavelength, the oscilla- 
tion wavelength is fixed at a desired wavelength by var- 
ying the current supplied to the DBR region in the 
following manner. First, the DBR current is increased or 45 
decreased in a first direction to detect a value of the 
DBR current corresponding to the desired wavelength, 
Then, after varying the DBR current in the opposite 
direction, the DBR current is again varied in the first 
direction to fix at the detected value. Thus, the hystere- so 
tic characteristic is avoided, and stable oscillation wave- 
length control is realized. 

In the oscillation wavelength stabilizer of the 
present invention including the semiconductor laser 
having the active region and the DBR region, the oscil- 55 
fation wavelength is controlled to a desired wavelength 
by the current supplied to the DBR region in the follow- 
ing manner. Different current supply rates are used for 
the area where mode hopping occurs and the area 



where continuous wavelength variation is obtained, so 
as to avoid noise generation at the mode hopping. 

In the oscillation wavelength stabilizer of the 
present invention including the semiconductor laser 
having the active region and the DBR region and the 
electronic cooling element, in the initial state, the tem- 
perature of the semiconductor laser is set at or around 
the ambient temperature by the electronic cooling ele- 
ment, and the oscillation wavelength is fixed at a 
desired wavelength by varying the DBR current. After 
the initial setting, the temperature of the semiconductor 
laser is varied by the electronic cooling element to vary 
the wavelength. Thus, the oscillation wavelength control 
is realized while reducing the power consumption of the 
electronic cooling element. 

In the oscillation wavelength stabilizer of the 
present invention including the semiconductor laser 
having the active region and the DBR region and the 
electronic cooling element, when the wavelength varia- 
tion is performed by varying the temperature of the sem- 
iconductor laser using the electronic cooling element, 
the phase change generated due to the temperature 
variation of the semiconductor laser is compensated by 
varying the DBR current. Thus, continuous wavelength 
variation is realized while avoiding mode hopping which 
may otherwise occur due to the temperature variation. 

In the oscillation wavelength stabilizer of the 
present invention including the semiconductor laser 
having the active region and the DBR region and the 
electronic cooling element, when the wavelength varia- 
tion is performed by varying the temperature of the sem- 
iconductor laser using the electronic cooling element, 
the current supplied to the active region is adjusted 
according to the variation of the output of the semicon- 
ductor laser. The phase change generated due to this 
adjustment is compensated by varying the DBR current. 
Thus, continuous wavelength variation is realized while 
reducing the laser output variation and avoiding the 
mode hopping. 

In the oscillation wavelength stabilizer of the 
present invention including the semiconductor laser 
having the active region, the DBR region, and the phase 
region and the temperature sensor, there are provided a 
first control section for adjusting the current supplied to 
the active region so that the output of the semiconductor 
laser is fixed, a second control section for adjusting the 
current supplied to the DBR region so that the oscilla- 
tion wavelength becomes a desired wavelength, and a 
third control section for adjusting the current supplied to 
the phase region to compensate the phase change 
amount generated as the ambient temperature varies. 
Thus, continuous wavelength variation without mode 
hopping is realized. 

In the short-wavelength light source according to 
the present invention including the semiconductor laser 
having the active region and the DBR region and the 
wavelength converting device made of nonlinear optical 
crystal, the oscillation wavelength is adjusted to the 
phase-matching wavelength of the wavelength convert- 
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ing device by varying the current supplied to the DBR 
region in the following manner. First, the DBR current is 
increased or decreased in a first direction to detect a 
value of the DBR current corresponding to the phase- 
matching wavelength. Then, after varying in the oppo- 
site direction, the DBR current is again varied in the first 
direction to fix at the detected value. Thus, the hystere- 
tic characteristic at the wavelength variation is avoided 
and a stable harmonic output is realized. 

In the short-wavelength light source according to 
the present invention where the semiconductor laser 
having the active region and the DBR region and the 
wavelength converting device made of nonlinear optical 
crystal are integrated together with the electronic cool- 
ing element, in the initial state, the temperature of the 
short-wavelength light source is set at or around the 
ambient temperature by the electronic cooling element, 
and the oscillation wavelength is adjusted to the phase- 
matching wavelength of the wavelength converting 
device by varying the current supplied to the DBR 
region. After the initial setting, the oscillation wavelength 
is adjusted to the phase-matching wavelength by vary- 
ing the temperature of the semiconductor laser by the 
electronic cooling element. Thus, the power consump- 
tion of the electronic cooling element is reduced, and 
the peak harmonic output can be detected by continu- 
ous wavelength variation. 

In the short-wavelength light source according to 
the present invention where the semiconductor laser 
having the active region and the DBR region and the 
wavelength converting device made of nonlinear optical 
crystal are integrated together with the electronic cool- 
ing element, when the oscillation wavelength is adjusted 
to the phase-matching wavelength of the wavelength 
converting device by varying the temperature of the 
semiconductor laser by the electronic cooling element, 
the phase change amount generated due to the temper- 
ature variation of the semiconductor laser is compen- 
sated by varying the DBR current, Thus, a stable 
harmonic output without mode hopping is realized. 

In the short-wavelength light source where the 
semiconductor laser having the active region and the 
DBR region and the wavelength converting device 
made of nonlinear optical crystal are fixed on the elec- 
tronic cooling element, the semiconductor laser oscil- 
lates when a current is supplied to the active region, the 
resultant laser light is introduced into the wavelength 
converting device, and the oscillation wavelength is 
adjusted to the phase-matching wavelength by varying 
the temperature of the semiconductor laser by the elec- 
tronic cooling element. At the adjustment of the oscilla- 
tion wavelength to the phase-matching wavelength, the 
current supplied to the active region is adjusted accord- 
ing to the output variation of the semiconductor laser, 
and the resultant phase change amount is compen- 
sated by varying the DBR current. Thus, the laser out- 
put variation is reduced and a stable harmonic output 
without mode hopping is realized. 

In the short-wavelength light source according to 



the present invention including the semiconductor laser 
having the active region, the DBR region, and phase 
region, the temperature sensor, and the wavelength 
converting device made of nonlinear optical crystal, 

5 there are provided a first control section for adjusting 
the current supplied to the active region so that the out- 
put of the semiconductor laser is fixed, a second control 
section for adjusting the current supplied to the DBR 
region so that the oscillation wavelength becomes a 

w desired wavelength, and a third control section for 
adjusting the current supplied to the phase region to 
compensate the phase change amount generated as 
the ambient temperature varies. Thus, continuous 
wavelength variation is realized, and a harmonic peak 

15 output is detected. 

In the optical disk system according to the present 
invention for recording or reproducing a signal by scan- 
ning an optical disk, light emitted from the short-wave- 
length light source where the semiconductor laser 

20 having the active region and the DBR region and the 
wavelength converting device made of nonlinear optical 
crystal are integrated together with the electronic cool- 
ing element, the following procedure is performed. The 
operating temperature of the short-wavelength light 

25 source is readjusted to the ambient temperature by the 
electronic cooling element, and the wavelength of the 
semiconductor laser is recontrolled to the phase-match- 
ing wavelength of the wavelength converting device by 
varying the current supplied to the DBR region during 

30 the standby period of the optical disk system, the transi- 
tion period from the reproduction to the recording of the 
optical disk, or the period required to reach the start 
point of the reproduction at the transition from the 
recording to the reproduction (seek time). Thus, good 

35 long-term reproduction characteristics are ensured for 
the resultant optica! disk system. 

In the optical disk system according to the present 
invention for recording or reproducing a signal by scan- 
ning an optical disk, light emitted from the short-wave- 

40 length light source where the semiconductor laser 
having the active region and the DBR region and the 
wavelength converting device made of nonlinear optical 
crystal are integrated together with the electronic cool- 
ing element, the optical disk system is provided with a 

45 memory for accumulating reproduced information. 
Thus, good long-term reproduction characteristics are 
ensured for the resultant optical disk system. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 

so departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 

55 

Claims 

1 . A light generating apparatus, comprising: 
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a submount; 

a semiconductor laser chip mounted on the 
submount; 

a substrate which is mounted on the submount 
and includes an optical waveguide; and s 
a substance having a predetermined thickness 
which is disposed between the semiconductor 
laser chip and the substrate. 

2. An apparatus according to claim 1, wherein the w 
substrate is a ferroelectric crystal substrate. 

3. An apparatus according to claim 2, wherein the fer- 
roelectric crystal substrate comprises LiTaxNbi.xOa 

(0*X*1). 15 

4. An apparatus according to claim 2, further compris- 
ing a periodic domain inverted structure formed on 
the ferroelectric substrate. 

20 

5. An apparatus according to claim 1, wherein the 
optical waveguide is formed by an ion-exchange 
technique. 

6. An apparatus according to claim 1. wherein the 25 
substance is a glass ball. 

7. An apparatus according to claim 1, wherein the 
substance is an optical fiber. 

30 

8. A light generating apparatus, comprising: 

a submount including a first surface and a sec- 
ond surface; 

a semiconductor laser chip mounted on the first 35 
surface of the submount; and 
a substrate which is mounted on the second 
surface of the submount and includes an opti- 
cal waveguide, 

40 

wherein the first surface and the second sur- 
face are positionally perpendicular to each other. 

9. An apparatus according to claim 8, wherein the 
substrate is a ferroelectric crystal substrate. 45 

1 0. An apparatus according to claim 9, wherein the fer- 
roelectric crystal substrate comprises LiTaxNbi.xOs 

50 

1 1 . An apparatus according to claim 9, further compris- 
ing a periodic domain inverted structure formed on 
the ferroelectric substrate. 

12. An apparatus according to claim 8, wherein the ss 
optical waveguide is formed by an ion-exchange 
technique. 

13. A light generating apparatus, comprising: 



a submount including a first portion and a sec- 
ond portion; 

a semiconductor laser chip mounted onto the 

first portion of the submount; and 

a substrate which is mounted onto the second 

portion of the submount and includes an optical 

waveguide, 

wherein material constituting the first portion 
is different from material constituting the second 
portion. 

14. An apparatus according to claim 13, wherein the 
substrate is a ferroelectric crystal substrate. 

15. An apparatus according to claim 14, wherein the 
ferroelectric crystal substrate comprises LiTaxNb!. 
x O 3 (0*x*1). 

16. An apparatus according to claim 14, further com- 
prising a periodic domain inverted structure formed 
on the ferroelectric substrate. 

17. An apparatus according to claim 13, wherein the 
optical waveguide is formed by an ion-exchange 
technique. 

18. An apparatus according to claim 13, further com- 
prising a crystal thin plate having birefringence 
which is disposed between the first portion and the 
second portion of the submount. 

1 9. An apparatus according to claim 1 3, wherein a ther- 
mal conductivity of the first portion is larger than 
that of the second portion. 

20. An apparatus according to claim 13, wherein the 
first portion and the second portion are made of a 
ceramic. 

21. A method for fabricating a light generating appara- 
tus, comprising the steps of: 

forming an alignment marking on each of a 
submount a semiconductor laser chip and a 
substrate, the submount including a first sur- 
face and a second surface which are position- 
ally perpendicular with to each other, and the 
substrate including an optical waveguide; 
aligning the submount and the semiconductor 
laser chip using the alignment markings on the 
submount and the semiconductor laser chip to 
mount the semiconductor laser chip on the first 
surface of the submount; and 
aligning the submount and the substrate using 
the alignment markings on the submount and 
the substrate to mount the substrate on the 
second surface of the submount. 
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22. A method according to claim 21, wherein the sub- 
strate is a ferroelectric crystal substrate. 

23. A method according to claim 22, wherein the ferro- 
electric crystal substrate comprises LiTaxNb^xOa 
(0=ix2M). 

24. A method according to claim 22, further comprising 
the step of providing a periodic domain inverted 
structure on the ferroelectric substrate. 

25. A method according to claim 21 , further comprising 
the step of forming the optical waveguide by an ion- 
exchange technique. 

26. A method for fabricating a light generating appara- 
tus, comprising the steps of: 

forming an alignment marking on each of a 
submount and a semiconductor laser chip, the 
submount including a first surface and a sec- 
ond surface; 

irradiating a surface of the submount opposite 
to the first surface with light which is allowed to 
pass through the submount, and respectively 
identifying an image of the alignment marking 
on each of the submount and the semiconduc- 
tor laser chip; 

aligning the submount and the semiconductor 
laser chip using the alignment markings on the 
submount and the semiconductor laser chip to 
mount the semiconductor laser chip on the first 
surface of the submount; and 
mounting a substrate including an optical 
waveguide onto the second surface of the sub- 
mount. 

27. A method according to claim 26, wherein the light is 
a laser light emitted from an InP type semiconduc- 
tor laser. 

28. A method according to claim 26, wherein the sub- 
strate is a ferroelectric crystal substrate. 

29. A method according to claim 28, wherein the ferro- 
electric crystal substrate comprises LiTaxNb^xOa 
(0*x*1). 

30. A method according to claim 28, further comprising 
the step of providing a periodic domain inverted 
structure on the ferroelectric substrate. 

31 . A method according to claim 26, further comprising 
the step of forming the optical waveguide by an ion- 
exchange technique. 

32. A method for fabricating a light generating appara- 
tus, comprising the steps of: 



allowing at least a portion of a layered structure 
for laser oscillation in a semiconductor laser 
chip to emit light so as to form a light emitting 
region; 

5 identifying the light emitting region of the semi- 

conductor laser chip to obtain a positional infor- 
mation of the semiconductor laser chip, and 
mounting the semiconductor laser chip at a 
predetermined position on a submount based 

w on the positional information; and 

mounting a substrate on the submount, the 
substrate including an optical waveguide. 

33. A method according to claim 32, wherein the light 
75 emitting region is formed by optical excitation. 

34. A method according to claim 32, wherein the light 
emitting region is formed by coupling external light 
to an active layer of the semiconductor laser chip. 

20 

35. A method according to claim 32, wherein the light 
emitting region is formed by pulse-driving the semi- 
conductor laser chip. 

25 36. A method according to claim 32, wherein the sub- 
strate is a ferroelectric crystal substrate. 

37. A method according to claim 36, wherein the ferro- 
electric crystal substrate comprises LiTaxNbi.xOs 

30 (0*X*1). 

38. A method according to claim 36, further comprising 
the step of providing a periodic domain inverted 
structure on the ferroelectric substrate. 

35 

39. A method according to claim 32, further comprising 
the stop of forming the optical waveguide by an ion- 
exchange technique. 

40 40. A light generating apparatus, comprising: 

a submount; 

a semiconductor lager chip mounted on the 
submount; and 
45 a substrate which is mounted on the submount 

and includes a plurality of optical waveguides, 

wherein a surface of the substrate at which 
the optical waveguides are formed and a surface of 
so the submount onto which the substrate is mounted 
are in a non-parallel relationship. 

41. An apparatus according to claim 40, further com- 
prising a projection formed on the surface of the 

55 substrate at which the optical waveguides are 
formed, the projection providing the non-parallel 
relationship. 

42. An apparatus according to claim 40, further com- 
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prising a projection formed on the surface of the 
submount on which the substrate is mounted, the 
projection providing the non-parallel relationship. 

43. An apparatus according to claim 40, wherein the s 
substrate includes a top surface and a bottom sur- 
face which are not in parallel with each other, 
thereby providing the non-parallel relationship. 

44. An apparatus according to claim 40, wherein the io 
substrate is a ferroelectric crystal substrate. 

45. An apparatus according to claim 44, wherein the 
ferroelectric crystal substrate comprises UTayNb^ 
x O 3 (0*x=M). 15 

46. An apparatus according to claim 44, further com- 
prising a periodic domain inverted structure formed 
on the ferroelectric substrate. 

20 

47. An apparatus according to claim 40, wherein the 
optical waveguide is formed by an ion-exchange 
technique. 

48. A method for fabricating a light generating appara- 25 
tus comprising: a submount; a semiconductor laser 
chip; and a substrate including an optical 
waveguide, wherein a surface of the substrate on 
which the optical waveguide is formed and a sur- 
face of the submount onto which the substrate is 30 
mounted are in a non-parallel relationship with each 
other, the method comprising the steps of: 



49. A method according to claim 48, further comprising 
the step of forming a projection on the surface of 
the substrate on which the optical waveguides are so 
formed, the projection providing the non-parallel 
relationship. 

50. A method according to claim 48, further comprising 
the step of forming a projection on the surface of 55 
the submount on which the substrate is mounted, 

the projection providing the non-parallel relation- 
ship. 



51 . A method according to claim 48, further comprising 
the step of making a top surface and a bottom sur- 
face of the substrate unparallel with each other, 
thereby providing the non-parallel relationship. 

52. A method according to claim 48, wherein the sub- 
strate is a ferroelectric crystal substrate. 

53. A method according to claim 52, wherein the ferro- 
electric crystal substrate comprises LiTaxNb^xOa 
(0*x*1). 

54. A method according to claim 52, further comprising 
the step of providing a periodic domain inverted 
structure on the ferroelectric substrate. 

55. A method according to claim 48, further comprising 
the step of forming the optical waveguide by ion- 
exchange technique. 

56. An oscillation wavelength stabilizing apparatus for a 
light source, wherein the light source is a semicon- 
ductor laser comprising: an active region for provid- 
ing gain; and a distributed Bragg reflection (DBR) 
region for controlling an oscillation wavelength, 

the apparatus comprising a control section 
which monotonously varies, in a first direction, 
a DBR current to be input to the DBR region 
while detecting the oscillation wavelength of an 
output light of the semiconductor laser so as to 
detect a DBR current value l Q corresponding to 
a predetermined oscillation wavelength value, 
and then monotonously varies the DBR current 
in a second direction which is opposite the first 
direction beyond the detected value lo, and 
then monotonously varies the DBR current in 
the first direction again to set the DBR current 
at the detected value lo, thereby fixing the oscil- 
lation wavelength of the semiconductor laser at 
the predetermined oscillation wavelength 
value. 

57. An apparatus according to claim 56, wherein the 
control section provides a different input rate of the 
DBR current into the DBR region between a range 
of the DBR current in which the oscillation wave- 
length continuously changes and a range of the 
DBR current in the vicinity of a current level at which 
mode-hopping occurs. 

58. An apparatus according to claim 56, wherein the 
detected value i 0 of the DBR current is set so as to 
satisfy equation 1 0 =(l ,+l 2 )/2 where h is a first DBR 
current value at which mode-hopping occurs and l 2 
is an adjacent DBR current value at which mode- 
hopping occurs. 

59. An oscillation wavelength stabilizing apparatus for a 



processing at least one of the submount and 
the substrate to obtain the non-parallel relation- 35 
ship; 

mounting the semiconductor laser chip on the 
submount; and 

moving the substrate on the submount in a 
direction parallel with an optical axis of the 40 
mounted semiconductor laser chip to adjust an 
optical coupling between the substrate and the 
semiconductor laser chip in a direction of a 
thickness of the substrate, and mounting the 
substrate at a predetermined position on the 45 
substrate. 
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light source, wherein the light source is a semicon- 
ductor laser comprising: an active region for provid- 
ing gain; a distributed Bragg reflection (DBR) region 
for controlling an oscillation wavelength; and an 
electronic cooling element, 

the apparatus comprising a control section 
which varies a DBR current to be input to the 
DBR region to set an oscillation wavelength of 
an output light of the semiconductor laser in the 
vicinity of a predetermined oscillation wave- 
length value, and then allows a temperature of 
the semiconductor laser to vary by the elec- 
tronic cooling element, thereby fixing the oscil- 
lation wavelength of the semiconductor laser at 
the predetermined oscillation wavelength 
value. 

60. An apparatus according to daim 59, wherein in an 
initial setting process, the control section sets the 
temperature of the semiconductor laser in the vicin- 
ity of ambient temperature. 

61 . An oscillation wavelength stabilizing apparatus for a 
light source, wherein the fight source is a semicon- 
ductor laser comprising: an active region for provid- 
ing gain; a distributed Bragg reflection (DBR) region 
for controlling an oscillation wavelength; and an 
electronic cooling element, 

the apparatus comprising a control section 
which allows a temperature of the semiconduc- 
tor laser to vary by the electronic cooling ele- 
ment to vary the oscillation wavelength of the 
semiconductor laser, and further causes the 
DBR current to be input to the DBR region to be 
varied, thereby compensating for a phase 
change of the semiconductor laser. 

62. An apparatus according to claim 61 , wherein the 
control section further adjusts a current to be input 
to the active region in response to a change in an 
output of the semiconductor laser. 

63. An oscillation wavelength stabilizing apparatus for a 
light source, wherein the light source is a semicon- 
ductor laser comprising: an active region for provid- 
ing gain; a distributed Bragg reflection (DBR) region 
for controlling an oscillation wavelength; a phase 
control region; and a temperature sensor, 

the apparatus comprising: 

a first control circuit for adjusting a current 
to be input to the active region so as to 
maintain a uniform output of the semicon- 
ductor laser; 

a second control circuit for adjusting a 
DBR current to be input to the DBR region 



so as to set the oscillation wavelength of 
the semiconductor laser at a predeter- 
mined oscillation wavelength value; and 
a third control circuit for adjusting a current 
5 to be input to the phase control region so 

as to compensate for a phase change 
detected by the first control circuit, the sec- 
ond control circuit, and the temperature 
sensor. 

w 

64. An oscillation wavelength stabilizing apparatus for a 
light source, wherein the light source is a semicon- 
ductor laser comprising: an active region for provid- 
ing gain; a distributed Bragg reflection (DBR) region 
is for controlling an oscillation wavelength; and a 
phase control region, 

the apparatus comprising a control section 
which allows a DBR current to be input to the 

20 DBR region to vary in an initial setting process 

so as to set an oscillation wavelength of the 
semiconductor laser in the vicinity of a prede- 
termined oscillation wavelength value, and 
then varies both a current to be input to the 

25 phase control region and the DBR current, 

thereby fixing the oscillation wavelength of the 
semiconductor laser at the predetermined 
oscillation wavelength value. 

30 65. A harmonic output stabilizing apparatus for a light 
source, wherein the light source is a short wave- 
length light source comprising: a semiconductor 
laser including an active region for providing gain 
and a distributed Bragg reflection (DBR) region for 

35 controlling an oscillation wavelength; and a wave- 
length converting device made of non-linear optical 
crystal, 

the apparatus comprising a control section 
40 which monotonously varies, in a first direction, 

a DBR current to be input to the DBR region 
while detecting a harmonic optical output of the 
short wavelength light source so as to detect a 
DBR currant value l D corresponding to a maxi- 
45 mum value of the harmonic optical output, and 

then monotonously varies the DBR current in a 
second direction which is opposite the first 
direction beyond the detected value l 0 , and 
then monotonously varies the DBR current in 
so the first direction again to set the DBR current 

at the detected value lo, thereby fixing the oscil- 
lation wavelength of the semiconductor laser at 
a phase-matching wavelength of the wave- 
length converting device. 

55 

66. A harmonic output stabilizing apparatus for a light 
source, wherein the light source is a short wave- 
length light source comprising: a semiconductor 
laser including an active region for providing gain 
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a first control circuit for adjusting a current 
to be input to the active region so as to 
maintain a uniform output of the semicon- 
ductor laser; 

5 a second control circuit for adjusting a 

DBR current to be input to the DBR region 
so as to set the oscillation wavelength of 
the semiconductor laser at a phase-match- 
ing wavelength of the wavelength convert- 
10 ing device; and 

a third control circuit for adjusting a current 
to be input to the phase control region so 
as to compensate for a phase change 
detected by the first control circuit, the see- 
rs ond control circuit, and the temperature 
sensor. 



and a distributed Bragg reflection (DBR) region for 
controlling an oscillation wavelength; a wavelength 
converting device made of non-linear optical crys- 
tal; and an electronic cooling device, 

the apparatus comprising a control section 
which varies a DBR current to be input to the 
DBR region to set an oscillation wavelength of 
an output light of the semiconductor laser in the 
vicinity of a phase-matching wavelength of the 
wavelength converting device, and then allows 
a temperature of the short wavelength light 
source to vary by the electronic cooling ele- 
ment, thereby fixing the oscillation wavelength 
of the semiconductor laser at the phase-match- 
ing wavelength of the wavelength converting 
device. 

67. An apparatus according to claim 66, wherein in an 
initial setting process, the control section sets the 20 
temperature of the semiconductor laser in the vicin- 
ity of an ambient temperature. 

68. A harmonic output stabilizing apparatus for a light 
source, wherein the light source is a short wave- 25 
length light source comprising: a semiconductor 
laser including an active region for providing gain 
and a distributed Bragg reflection (DBR) region for 
controlling an oscillation wavelength; a wavelength 
converting device made of a non-linear optical crys- 30 
tal; and an electronic cooling element, 



69. An apparatus according to claim 68, wherein the 
control section further adjusts a current to be input 45 
to the active region in response to a change in an 
output of the semiconductor laser. 

70. A harmonic output stabilizing apparatus for a light 
source, wherein the light source is a short wave- so 
length light source comprising; a semiconductor 
laser including an active region for providing gain, a 
distributed Bragg reflection (DBR) region for con- 
trolling an oscillation wavelength, a phase control 
region and a temperature sensor ; and a wavel ength 55 
converting device made of a non-linear optical crys- 
tal, 

the apparatus comprising: 



71. A harmonic output stabilizing apparatus for a light 
source, wherein the light source is a short wave- 
length light source comprising: a semiconductor 
laser including an active region fa providing gain, a 
distributed Bragg reflection (DBR) region for con- 
trolling an oscillation wavelength and a phase con- 
trol region; and a wavelength converting device 
made of a non-linear optical crystal, 

the apparatus comprising a control section 
which allows a DBR current to be input to the 
DBR region to vary in an initial setting process 
so as to set the oscillation wavelength of the 
semiconductor laser in the vicinity of a phase- 
matching wavelength of the wavelength con- 
verting device, and then varies both a current 
to be input to the phase control region and the 
DBR current, thereby fixing the oscillation 
wavelength of the semiconductor laser at the 
phase-matching wavelength of the wavelength 
converting device. 

72. An apparatus aocording to claim 65, wherein the 
wavelength converting device is a quasi-phase- 
matching type wavelength converting device having 
a periodic domain inverted structure. 

73. An apparatus aocording to claim 66, wherein the 
wavelength converting device is a quasi-phase- 
matching type wavelength converting device having 
a periodic domain inverted structure. 

74. An apparatus aocording to claim 68, wherein the 
wavelength converting device is a quasi-phase- 
matching type wavelength converting device having 
a periodic domain inverted structure. 

75. An apparatus according to claim 70, wherein the 
wavelength converting device is a quasi-phase- 
matching type wavelength converting device having 
a periodic domain inverted structure. 



the apparatus comprising a control section 
which allows a temperature of the short wave- 
length light source to vary by the electronic 35 
cooling element to vary the oscillation wave- 
length of the semiconductor laser toward a 
phase-matching wavelength of the wavelength 
converting device, and further causes a DBR 
current to be input to the DBR region to be var- 40 
ied, thereby compensating for a phase change 
of the semiconductor laser. 
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76. An apparatus according to claim 71, wherein the 
wavelength converting device is a quasi-phase- 
matching type wavelength converting device having 
a periodic domain inverted structure. 

5 

77. An apparatus according to claim 65, wherein the 
wavelength converting device is an optical 
waveguide type wavelength converting device. 

78. An apparatus according to, claim 66, wherein the 10 
wavelength converting device is an optical 
waveguide type wavelength converting device. 

79. An apparatus according to claim 68, wherein the 
wavelength converting device is an optical 15 
waveguide type wavelength converting device. 

80. An apparatus according to claim 70, wherein the 
wavelength converting device is an optical 
waveguide type wavelength converting device. 20 

81. An apparatus according to claim 71, wherein the 
wavelength converting device is an optical 
waveguide type wavelength converting device. 

25 

82. An apparatus according to claim 65, wherein the 
wavelength converting device is a bulk type wave- 
length converting device. 

83. An apparatus according to claim 66, wherein the 30 
wavelength converting device is a bulk type wave- 
length converting device. 

84. An apparatus according to claim 68, wherein the 
wavelength converting device is a bulk type wave- 35 
length converting device. 

85. An apparatus according to claim 70, wherein the 
wavelength converting device is a bulk type wave- 
length converting device. 4C 

86. An apparatus according to claim 71 , wherein the 
wavelength converting device is a bulk type wave- 
length converting device. 

45 

87. An apparatus according to claim 65, wherein the 
non-linear optical crystal comprises LiTaxNb^xOa 
(0*x*1). 

88. An apparatus according to claim 66, wherein the so 
non-linear optical crystal comprises LiTaxNb^xOa 
(0*x=M). 

89. An apparatus according to claim 68, wherein the 
non-linear optical crystal comprises UTaxNbi.xOs ss 
(0*x£1). 

90. An apparatus according to claim 70, wherein the 
non-linear optical crystal comprises LiTaxNbvxOs 



(0^1). 

91. An apparatus according to claim 71, wherein the 
non-linear optical crystal comprises LiTaxNbj.xOs 
(0*x*1). 

92. An optical disk system comprising a short wave- 
length light source comprising: a semiconductor 
laser including an active region for providing gain 
and a distributed Bragg reflection (DBR) region for 
controlling an oscillation wavelength; and a wave- 
length converting device made of a non-linear opti- 
cal crystal which is integrated with the 
semiconductor laser, an output light from the short 
wavelength light source scanning an optical disk to 
conduct at least one of a recording operation and a 
reproducing operation for a signal, further compris- 
ing a control section for re-controlling the oscillation 
wavelength of the semiconductor laser at a phase- 
matching wavelength of the wavelength converting 
device during a predetermined period in a system 
operation. 

93. A system according to claim 92, wherein the prede- 
termined period is a standby period of the system. 

94. A system according to claim 92, wherein the prede- 
termined period is at least one of a transition period 
from the reproducing operation to the recording 
operation and a seek period at a transition from the 
recording operation to the reproducing operation. 

95. A system according to claim 92, further comprising 
a memory for storing a reproduced signal, wherein 
during the predetermined period, a harmonic out- 
put of the short wavelength light source is varied 
and the signal stored in the memory is used. 

96. A system according to claim 92, further comprising 
a memory for storing a reproduced signal, wherein 
during the predetermined period, the memory is full 
with the stored signal with a signal-storing rate 
being larger than a signal-readout rate, and the sig- 
nal stored in the memory is used. 

97. A system according to claim 92, further comprising 
an electronic cooling element integrated with the 
short wavelength light source, wherein the control 
section readjusts a temperature of the short wave- 
length light source in the vicinity of an ambient tem- 
perature using the electronic cooling element, and 
varies a DBR current to be input to the DBR region, 
thereby re-adjusting the oscillation wavelength of 
the semiconductor laser at the phase-matching 
wavelength of the wavelength converting device. 

98. A system according to claim 92, wherein the semi- 
conductor laser further comprises a phase control 
region, and the control section resets a current to 
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be input to the phase control section, and varies 
both the current to be input to the phase control 
region and a current to be input to the DBR region, 
thereby re-adjusting oscillation wavelength of the 
semiconductor laser at the phase-matching wave- 5 
length of the wavelength converting device. 

99. A system according to claim 92, wherein the wave- 
length converting device is a quasi-phase-matching 
type wavelength converting device having a peri- 10 
odic domain inverted structure. 

100. A system according to claim 92, wherein the wave- 
length converting device is an optical waveguide 
type wavelength converting device. 15 

101 .A system according to claim 92, wherein the wave- 
length converting device is a bulk type wavelength 
converting device. 

20 

102.A system according to claim 92, wherein the non- 
linear optical crystal comprises LiTaxNb^xOs 
(0*x*1). 
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(54) Optical apparatus and method for producing the same 

(57) A light generating apparatus includes: a sub- 
mount; a semiconductor laser chip mounted on the sub- 
mount; a substrate which is mounted on the submount 
and includes an optical waveguide including a second 
harmonic generating device, and a substance having a 
predetermined thickness which is disposed between the 
semiconductor laser chip and the substrate. In an oscil- 
lation wavelength stabilizing apparatus for a light 
source, the light source is a semiconductor laser which 
includes: an active region for providing gain; and a dis- 
tributed Bragg reflection (DBR) region for controlling an 
oscillation wavelength. The apparatus includes a control 
section which monotonously varies, in a first direction, a 
DBR current to be input to the DBR region while detect- 
ing the oscillation wavelength of an output light of the 
semiconductor laser so as to detect a DBR current 
value l Q corresponding to a predetermined wavelength 
value, and than monotonously varies the DBR current in 
a second direction which is opposite the first direction 
beyond the detected value l 0 , and then monotonously 
varies the DBR current in the first direction again to set 
the DBR current at the detected value Iq, thereby fixing 
the oscillation wavelength of the semiconductor laser 
chip at the predetermined wavelength value. 
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LACK OF UNITY OF INVENTION 



i The Search Division considers that the present European patent application does not comply 
| with the requirement of unity of invention and relates to several inventions or groups of 

■ inventions, namely: 

| 1) Claims 1-7, 32-39 

■ A light generating apparatus comprising a semiconductor laser diode and a waveguide 
j mounted on a submount and alignment method therefore comprising activating the laser diode 
| during said alignment. 

, 2)Claims 8-12, 21-31 

! A light generating apparatus comprising a semiconductor laser and a waveguide mounted on 
two perpendicularly oriented surfaces of a submount and alignment method therefore. 

i 

! 3) Claims 1 3-20 

! A light generating apparatus comprising a semiconductor laser diode and a waveguide 
mounted on a submount having two portions made of different materials 

4) Claims 40-55 

A light generating apparatus comprising a semiconductor laser diode and a plurality of 
waveguides on a wedged substrate mounted on a submount . and alignment method 
: therefore. 

5) Claims 56-64 

Method for frequency stabilising the output of a multi-segment DBR semiconductor laser using 
opto-electrical feedback on said laser 

6) Claims 65-92 

Method for frequency stabilising the second harmonic output of a non linear waveguide 
pumped by a multi segment DBR semiconductor laser using opto-electrical feedback on said 
laser in response of the harmonic output of said waveguide. 
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